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DELAWARE ESTUARY
SALINLITY LNTRUSION STUDY

THE STUDY AND REPORT
BACKGROUND

Salinity in the Delaware estuary has been a topic of discussion among
industrial and municipal system water users, as well as conservafionists,
for many years. During the drought of the 1960's, particularly in 1965 and
1966, the discussions took omn a'very serious tone as the increasing salinity
forced industries to close and municipalities to prepare emergency plans for
rationing and obtaining alternate sources. As the drought ended, the
Delaware River Basin Commission (DRBC) urged studies to define the

relationship between river flow and salinity.

In the 1970's, DRBC engaged the services of Drs. M.L. Thatcher and D.R.F.
Harleman to develop a numerical model for predicting salinity intrusion in

the estuary for unsteady flow conditionms.

A report entitled, "A Comprehensive Study of the Tocks lsland Lake Project

and Alternatives" was completed by the Corps in June 1975. The purpose of

that report was to provide background to the Delaware River Basin States so
that they could recommend to Congress whether the Tocks lsland Lake Project
should proceed to construction, be modified, be deferred, or be
deauthorized. That project has not proceeded to construction. The report
identified the most significant water supply need in the Delaware River
Basin as maintenance of the. river flow necessary to prevent serious salinity

intrusion in the estuary.



During the mid-1970's, the DRBC held several meetings with water users and

members of the Water Resources Association of the Delaware River Basin.

These meetings led to a questionnaire from the Basin Commission to the
industrial users dealing with water withdrawal, use, costs, etc. Also,
during this beriod, the DRBC enlisted the services of various Federal
agencies to address éalinity-related matters. The Congressional Resolution

for this study (included in Appendix 4) represented a part of this effort.

In October 1976, the DRBC stated the need for a salinity sfudy in a letter
to the Division Engineer for the North Atlantic Division (also included in
Appendix 4). The letter emphasized that salinity intrusion was the

Commissioners' highest priority issue and pointed out that the Basin States

had committed funds to support a salinity study as proposed by the DRBC.

In the following months, the DRBC provided funds for the purpose of

improving the Thatcher-Harleman numerical model. This effort produced a
model with an improved ability to treat both point and non-point sources of

flow and salinity, a new plotting routine, and several other improvements.

(Appendix 1 presents a detailed discussion of this model).

The Corps study was initiated in December 1977. (A sample copy of the

initiation letter is shown in Appendix 4).

In a letter dated 27 January 1978 (included in Appendix 4), the DRBC further
refined its position regarding salinity intrusion. The letter stated that
DRBC had two primary objectives: a) to establish the relationship between
freshwater flows and the concentration of sea salts in the estuary; and b)
to determine the benefits of controlling salinity or the costs entailed in

permitting salinity intrusion. DRBC indicated that the first objective .




could be met by their numerical modeling efforts, in concert with studies

underway by the Corps as part of a program to provide technxcal assistance

to 1nd1v1dual States (Section 22, P.L. 93-251), and DRBC's Level B Study.

However, DRBC felt that an answer to the economic objective was vitally
needed and hoped that efforts by the Corps' Delaware Estuary Salinity
Intrusion Study could be directed toward this end. Efforts made during the

early part of Stage 2 were able to satisfy this request.
PURPOSE AND AUTHORITY

The Delaware Estuary Salinity Intrusion Study was authorized in a resolution
adopted by the House Committee on Public Works and Transportationm on 23
September 1976. A copy of the resolution is included in Appendix 4. The
resolution directs the stﬁdy to determine the probability for advance or
retreat of salinity in the Delaware estuary and the quantity of freshwater

inflow needed to protect the various water users in the estuary.
STUDY AREA

The study area (Figure 1) encompasses the Delaware River estuary, which
extends from the mouﬁh of the Delaware Bay at Cape Henlopen, Delaware,
upstream past Philadélphia to Trenton, New Jersey. The Delaware estuary is
bordered by Pennsylvania and Delaware on the western shore and by New Jersey

on the eastern shore.

STREAM LOCATION AND 1DENTIF1CATION SYSTEM

This report adopted the DRBC stream location and identification system,

which is based on distance from the Capes (Figufe 2). This system considers



Sea, Y~V
thiyy L0, m
eTRENTON
Q C:.a-.r_,.
S 4o

Qd

Norristown
L]

Py
N—"—
< >
1

PENNSYLVANIA

<

4,_..%
.
N\

Chester
”

-~ ‘Mc:cu‘s Hook A
P ) &3
/ WILMINGTOI!
PA, .
MAD. et oAl o s
’ T Gé\ *\5 Satem \C\ : »
o Q Rive, NEW JERSEY

3 5
Q
s L
5 Q§t
® 4
N ==
Yo Ly
\ S
ungev R R
& 0
& fil
\ [-)
(f"v
L 2 lﬂ 0
Nl O )
anis - N\
o po é
v
DELAWARE BAY AV
212 g v
b=d S
L
EP f N
I"'l2
>
Zi0
o™ C}\
ape May
]
1 Harbor of Refuge
Cape Henlopen
N
"
SCALE N M.ILES
10 o] 0
e — e e—

DELAWARE ESTUARY
SALINITY INTRUSION STUDY

STUDY AREA

PHILADELPHIA DISTRICT, CORPS OF ENGINEERS
DECEMBER 1982

FIGLHIRE |



%4 TRENTON
¥ (River Mile 134)

)

o~/
~ PO~

PENNSYLVANIA Torresdale’ |\
(River MH/e 1O) , ™
I v/ 120
PHILADELPHIA _#
P 7
(

A\ (River Mile 100)

Ben Franklin Bridge

~o s/ N

Chester
(River_Mile 82 72l Y 100
// ~— . -
i 2 :

80
Delaware Memorial Bridge

J A (River Mile 69)
Reedy Point ( }- }

(River Mile 59)

»,

c&D Cand] ' NEW JERSEY
Reedy Island ;
(River Mile 54) . 60

\\ Ship John Shoal

-

40 D (River Mile 37)

20 \

DEL AWARE DELAWARE

o N ATLANTIC OCEAN

DELAWARE ESTUARY
CAPE HENLOPEN  ga{ INITY INTRUSION STUDY

RIVER MILEAGE SYSTEM
PHILADELPHIA DISTRICT, CORPS OF ENGINEERS
DECEMBER 1982

SCALE IN MILES

IE 0 I?

FIGURE 2




the mouth of Delaware Bay to be mile zero, and locations aré identified by

their distances in statute miles measured upstream along the centerline of

the navigation channel.

GOALS AND OBJECTLVES

In responding to the Congressional Resolution directing the salinity study,

the specific goals of the study are to determine:

A.

B.

the probability for advance or retreat of salinity in the Delaware
estuary.

the quantity of freshwater inflow needed to protect the various
water users along the estuary.

In satisfying these goals the following specific objectives were identified.

GOAL "A" (PROBABILITY)
determine economic impacts to direct industrial and municipal system
water users of the Delaware estuary.

determine the impact of the Chesapeake and Delaware Canal in terms
of flow and salinity.

determine salinity impacts on estuarine fish and wildlife resources.

develop probabilities of various salinity levels in the estuary.

GOAL "B" (QUANTITY OF FLOW)

determine the quantity of flow necessary to protect water users of
the estuary.

development of a basin plan under drought and normal hydrologic
conditions.




STUDY PARTICIPANTS AND COORDINATION

The Corps of Engineers, Philadelphia District, was responsible for
conducting and coordinating the study. During the study, the Corps worked
closely with representatives of the DRBC and the U.S. Fish and Wildlife

Service. A more detailed discussion is presented in Appendix 4.
REPORT FORMAT

The results of the study are presented in five parts: the main report and
four appendices. The main report is a non—technical document, which
presents an overview of the study and its findings. Appendix 1 documents
the hydraulic and economic studies in greater detail. Appendix 2 discusses
the derivation of the the salinity-cost relationships for withdrawal users.
Appendix 3 contains the environmental studies, and Appendix 4 contains

pertinent correspondence relating to the study.
PRIOR AND COUORRENT STUDIES

DELAWARE ESTUARY STUDIES

o DELAWARE ESTUARY COMPREHENSIVE STUDY., In July 1966, the Department of
Interior's Federal Water Pollution Control Administration (forerunner of the

EPA) published the Delaware Estuary Comprehensive Study. The study provided"

a comprehensive analysis of the pollution problems in the Delaware estuary,
including identification, sources, possible solutions, and cost estimates
for aﬁatement measures. The study covered economics, water quality, water
uses, goals, programs, and costs to improve quality, institutional
arrangements, and delineation of further possible areas of study to

effectively analyze the problem.



e STRANDBERG STUDY. The DRBC has sponsored many studies of ‘the estuary. Of

special note is Control of Salinity Intrusion in the Delaware Estuary, by

William Strandberg, published in January 1975. lts purpose was to evaluate
and comment on DRBC policies and salinity control measures. The report
covered the following topics: the drought of the 1960'5, Supreme Court's
actions, conclusions drawn from model analyses, effects of flow regulation,
andAa survey of the policy and plans of major withdrawal users. The report
recqmmended that additional Studies in flow controls, flow—-salinity
relationship, well—monitoriqg, well-yield, and economic effects of salinity

intrusion on all principal water users be conducted.

e THATCHER AND HARLEMAN STUDY. During the seventies the Delaware River
Basin Commission contracted with Drs. M.L. Thatcher and D.R.F. Harleman to

perform numerical model analyses on the flow-salinity relationship. This

analysis was further modified and improved in a study titled, "

Deveiogment

and Application of a Deterministic Time ~ Varying Salinity Intrusion Model

for the Delaware Estuary" by M. Llewellyn Thatcher and anald R. F. Harleman
(May 1978). The report treated many topics, including: discussion’ of the
original salinity intrusion model developed in 1972, and its application to
the Delaware estuary; model;additions and modifications, calibration, and

simulation studies performe& with the modified model.

The modified model, identified as MIT-TSIM by its developers, is able ﬁo
account for the salinity effects of many variables, including freshwater
inputs from the Delaware River at Trenton, NJ, and estuary tributaries,
water withdrawals and depletive use (including diversioms), the impact of
sea level rise, and reservoir regulation. The model can predict the

incremental effect of changes in one or more of the variables on




salinity at any location along the axis of the estuary from Trenton to the
sea. This model served as the principal tool for the Commission’'s efforts

to learn the relationship between flow and salinity.

CHESAPEAKE AND DELAWARE CANAL STOUDILES

e 1938, CORPS OF ENGINEERS STUDY. ln>1938, Philadelphia District, Corps of
Engineers, conducted a study of flow in the then recently enlarged 27 foot
deep, 250 foot wide canal. Tides and currents werelmeasured over a period
of 10 tidal cycles. Analysis of these data indicated that during the period
of observation there was a net non—-tidal eastward flow of approximately

1,000 cubic feet per second (cfs).

e WATERWAYS EXPERIMENT STATION STUDY., The Waterways Experiment Station

Corps of Engineers, prépared a report entitled, "Enlargement of the

Chesapeake and Delaware Canal" by M.B. Boyd et al., in October 1973. The

study conducted physical and mathematical model tests to determine the
effects of enlarging the canal on tides, curfents, salinities, and net
transport of water through the canal. The study concluded that the net
Qater transported through the canal was greater than previously anticipated
and recommended fhat after completion of the canal enlargement, measurements
of tides, current, and salinity be made in the field for comparison with

model predictions.

e PRITCHARD AND GARDNER STUDY. Pritchard and Gardner investigated the .
effect of canal enlargement on the transport of water within the canal and
the salinity distribution in the canal and adjacent areas of the Chesapeake

Bay and Delaware River. The study was entitled, "Hydrology of the

Chesapeake and Delaware Canal', Technical Report No. 85, Chesapeake'Bay

lnstitute, John Hopkins Universigy; February 1974. This study produced ;he




first set of intensive prototype salinity data over the length of the
canal. In July 1974, these investigations developed a one-dimensional
non-lihear numerical model that calculéted instantaneous net transpﬁrt in
the canal froq tide data. This is further documented in a report entitled,

"Yerification and Use of a Numerical Model of the Chesapeake and Delaware

Canal', Technical Report 87, Chesapeake Bay Institute. Statistical analysis

of the long term current and tidal data observed in the canal between 1969
and 1972 indicated a net non-tidal flow from the Chesapeake to the Delaware

approximately 59 percent of the time.

e RIVES AND PRITCHARD STUDY. A study by Rives and Pritchard entitled,

"Adaption of J.R. Hunter's One-Dimensional Model to the Chesapeake and

Delaware Canal System", Special Report 66, 1978, extended the canal modeling

work of Pritchard and Gardner. J.R. Hunter's Special Report 47, Chesapeake

Bay lnstitute, John Hopkins University, 1975, presented a one-dimensional
kinematic and dynamic mathematical model. This model was also adapted to

the Chesapeake and Delaware Canal. It was calibrated and verified using

current velocity measurements taken during April and May 1975, and a tracer

dye study conducted during 1-8 May 1975. Using J.R. Hunter's.model, flows
were calcu;ated using a time series of observed water-surface gradients
between Town Point, MD,and Reedy Point, DE, at the western and eastern ends
of the canal, respectively. For this period, the computed non-tidal flow in
the canal was westerly. Since previous investigations indicated an easterly
flow, this observation was of great importance as it illustrated that for
significant time periods, the net flow could show an opposite directional

movement .

o NAJARIAN, THATCHER, AND HARLEMAN STUDY. Thatcher and Harleman expanded

their previously discussed sfudy dealing with the impacts of the Chesapeake

10




and Delaware Canal. Subsequently, they teamed with Dr. Tavit O. Najarian in

a report entitled, "Effects of the Chesapeake and Delaware Canal on Salinity

in the Delaware Estuary', November 1978. This report concluded that
non-tidal flow through the canal could have a marked effect on salinity in
the Delawafe estuary, especially in its middle réaches; The researchérs
recommen&ed.long-term observations both in the canal and the Delaware
estuary to assess accurately the "real-time" effects of the canal on the

estuary.

DELAWARE RIVER BASIN STOUDIES

e HISTORICAL FLOW SlMULATION; Uﬁder authorization of Section 22,

P.L. 93-251, and Section 214, P.L. 89-298 (which provide funds to the Corps
of Engineers for technical assistance to individual States), and upon the
request of the Pennsylvania Department of Environmental Resourcesvand the
New York Department of Environmental Conservation, the Philadelphia
District, Corps of Engineers, in coqrdination with DRBC, developed a
historical daily flow simulation model of the Delaware River Basin from the.
headwaters to the Delaware Memorial Bridgg for a base period of 50 years
(1928-1977). The work was conducted in two.phases. Phase one involved the
development of the average daily flows in the basin for two conditions: (1)
natural flows without the effect of existing impoundments and (2) flows
with operation of the New York reservoirs (Pepacton, Caqnonsville, and
Neversink). The daily flow values were analyzed using the United States
Geological Survey probability model, which yields the frequency of flow as
an output. In Phase two, the daily flow simulation model was used to
determine the capabilities of various combinations of existing and proposed

reservoirs to meet a sustained flow level at specified downstream locations.

11



e LEVEL B‘STUDY. A basinwide comprehensive study of the water and land
resources neéds of the Delaware River Basin was conducted by the DRBC. The
study, a Level B type as defined by the Water Resources Council (WRC), was
performed unde; the authority of Section 209, P.L. 92-500, and Section 105

(a)(7), P.L. 89-80, as amendéd.

The major purpose of the Level B Study was to provide a basis for the
reformulation and updating ‘of the DRBC's Comprehensive Plan. The study was
completed in May 1981. 1t considered various components including water
supply, water quality, flow maintenance, flood loss reduction, fish and
yilalife, water—based recreation, energy, and navigation needs. 1t
represented a cooperative effort with‘financing and technical inputs
cdntributed by various Federal and State agencies. Alternative plans to
resolve the various concerns were identified. A "Preferred Plan" that
balanced the objectives of environmental quality and national economic
development was recommended. This plan represented the preferred mix of
policies, programs, and projécts. Also, an Environmental Impact Statement
was prepared for thé plan. Concerning sustainable flows in the Delaware
River, the Preferred Plan recommended flon of not iess than 3,072 cfs and
1,750 cfsbbe maintained at Trenton, New Jersey, and Montague, NewIJersey,
respectively, during normal hydrologic conditions. The report has been
accepted as completed by the Commissioners of DRBC and by WRC. (A letter

from WRC is shown in Appendix 4).-
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RESOURCES AND ECONOMY OF THE STUDY AREA
NATURAL RESOURCES
CLIMATOLOGY .

The study area lies within one broad climatic zonme, which is considered
subtropical, with hot summers, mild winters, and regular rainfall. Summer

weather patterns are influenced by maritime tropical air masses, (in which

high pressure systems dominate aﬁd remain stable for several days at a
'time). Weather s&stems in the winter are generally more intense because of
rapidly moving fronts and continental polér air masses. Airmasses change
frequently in the spring and fall. Mean annual temperatures in the estuary

are 55-58 degrees F.

Precipitation, about 44 inchesAannually, is well distributed throughout the
year, with generally more than three inches reported every month. The
driest month is October with rainfall varying between 2.5 and 3.0 inches.
However, temporary droughts, or periods of subnormal runoff, are not

uncommon in the study area.

TOPOGRAPRY AND GEOLOGY

Lands bbrdefing the estuary from frenton to the mouth are.generally fiat.
‘Along the lower part of the estuary, the elevation ranges from 5 to 10 feet,
'aBout 20 feet at ﬁilmington, 2Q to 30 feet at Philadelphia; and 40 to 50
feet near Trenton, NJ. Slopes near the lower estuary are generally less
than 10 percent, while in the upper area, the slopes vary considerably with
many steeper grades. The tribptaries feeding the estuary below Trenton

generally have a flat gradient with few rapids.
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Geologically, the Delaware estuary is situated near the border between two
subdivisioﬁs, the Appalachian Piedmont province and the Atlantic Coastal
Plain province. The Piedmont Plateau lies along the eastefn edge of the
Appalachian Mountains and runs from New Jersey to Alabama. The rocks of the
Piedmont are old, hard, and crystalline. They extend downward and toward
the Atlantie, forming a platform that supports the Coastal Plain. The rocks
of the Coastal Plain are much younger, largely unconsolidated sediments
forming a thick wedge. The Coastal Plain layers are composed mainly of
clays, sands, and intermediate materials, which slope to the southeast. The
sandy layers are valued as aquifers, which are able to supply great

quantities of water over extended periods.

Aquifers are porous geologic formations storing or transmitting groundwater
in appreciable quantities. Significant aquifers underlying the study area
include the Raritan, Cape May, and Pennsauken in Pennsylvania, the
Raritan-Magothy{ Englishtown, Mount Laurel-Wenonah, and Kirkwood-Cohansey
Formation in New Jerse , and the Potomac, Magothy, Monmouth, Rancocas,

Frederica, and Cheswold in Delaware.

The Potomac—Raritan-Magothy‘aquifer is the principal éource of public water
supplies for southern New Jérsey. Aquifer beds of ‘the Potomac—Raritan-—
Magothy outcrop along the Delaware River and extend northward into Raritan
Bay and southward to New Castle County, Delaware. Infiltration from the
Delaware River, particularly when salinity levels are high, is a major

concern.

. PHYS1CAL CHARACTERISTILCS

The Delaware estuary extends from Trenton, New Jersey, to the mouth of
Delaware Bay, a distance of about 134 statute miles. The estuary includes a

navigation channel serving the ports of Wilmington, Philadelphia, Camden,

!

and Trenton. Lt receives freshwater inflow from two major sources (the

14




Delaware and Schuylkili'Rivers) plus numerous small tribytaries. Lt is

comnected to Chesapeake Bay by the Chesapeake and Delaware Canal.

As is typical of Atlantic Coastal Plain estuaries, tides in the Delaware
River estuary are semidurnal. The mean tidal range is from 4.1 feet(ft) at
the Bay mouth to 6.8 ft at Trenton, although tidal amplitudes to 13 ft have
been reported during periods of extreme flood and ebb conditions. Variation
in tidal amplitude occurs in the estuary due to the opposing effects of
convergence'of thg sides of the estuary, (which tendsvto increase the
amplitude) and friction (which tends to decrease it). Variations in water

level are also highly dependent on wind speed and direction.

Current speed and direction throughout the Delaware estuary is dominated by
tide generating forces, and vary with tidai stage. Non-tidal features such
as freshwater runoff, meteorological conditions, and salinity gradients also
have an effect on local salinity concentration. Currents are generally

directed along the longitudinal axis of the estuary.

The Delaware estuary can be further categorized in salinity gradient ranges
as follows:

a. The Delaware River above River Mile (RM) 50 is generally well mixed
-although a slight difference in salinity sometimes occurs between
different depths.

b. The Delaware Bay below RM 30 possesses characteristics of either a
well mixed or a partially stratified estuary. In winter and spring,
there is a tendency toward stratification, especially in the middle
bay. This tendency is not apparent in summer and early autumn.

c. A transitiom zone between RM 30 and 50 exhibits properties of either

partially stratified or a well mixed estuary depending on location,
season, and freshwater inflow.

15



MEASUREMENT AND VARIATION OF SALINITY

One unit of measurement of sélinity is milligrams per liter (mg/l), which
represents the total weight of dissolved sblids in a sample of one liter of
water. For mixtures of seawater and freshwater, salinity, which corresponds
roughly to total dissolved solids (IDS), can also be expressed as equivalent
vchlorides. One mg/1 of chlotide is equivalent to approximately 1.8 mg/l of
salinity. TDS is a water quality parameter that is not easily measured in
the field. BHowever, Keighton established a felationship between chloride
and TDS concentration based én the analysis of data collected in the
Delaware estuary. The chlorinity or salinity concentration in coastal
waters is routinely measured, as these parameéers can easily be monitored
through the electrical conductivity of the water samples. In sea-water, the
- ratio of sodium to chloride is 0.556 to 1.00. In the Delaware estuary, this
ratio can be applied with reasonable accuracy even when the total chlorides
in the mixture of river and ocean water range as low as 200 mg/l. For
example, a cﬁloride concentration of 200 mg/l is equivalent to a sodium
concentration of 111 mg/l.

Salinity along the length of'the estuary rangeé from fréshwater less than
100 mg/1l in ﬁhe upper reaches of the tidal river to about 30,000 mg/l at the

mouth of the bay.

SURFACE WATER

The surface water resources of the study area include the Delaware estuary
and many tribuﬁaries. As discussed earlier, the Delaware estuary is
connected to the Chesapeake Bay by the Chesapeake and Delaware Canal, which
generally results in net interbasin transfer of fresher upper Chesapeake

waters into the more saline middle Delaware estuary.
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The freshwater inflow to the Delaware estuary is primarily from the ‘drainage
area above Trenton. The long-term average annual flow at Trenton was
approximately 11,750 cfs for the 68 yeaf period of record from February 1913
to September 1980. The average flows of major gaged tributaries are

presented in Table 1.

TABLE 1

MAJOR GAGED TRIBUTARIES

Stream and Station Gaged Drainage Area = Period of | Average Annual
Location {square miles) Record - Flow (cfs)

Assunpink Creek ' 89.4 1923-80 129
(Trenton, NJ) '
Crosswicks Creek 83.6 1940-51 136
(Extonville, NJ) 1952-80 :
Neshaminy Creek 210.0 1934-79 291
(Langhorne, PA)
North Branch Rancocas Creek 111.0 1921-80 173

~ (Pemberton, NJ)
Pennypack Creek 49.8 . 1965-70 86
(Philadelphia, PA) 1974-79
Schuylkill River 1,893.0 1931-80 2,962

(Philadelphia, PA)

Chester Creek

(Chester, PA) 61.1 1931-79 86
Brandywine Creek
(Wilmington, DE) 314.0 1964-79 484
Christina River 20.5 1943-79 29
(Coochs Bridge, DE)
White Clay Creek 89.1 1931-36 115
(Newark, DE) 1943-57

1959-79
Red Clay Creek  47.0 1943-79 66

(Wooddale, DE)
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DROUGAHT HISTORY

The Delaware River Basin has experienced eight extended periods of drought
since 1905. The most severe drought occurred from 1961 to 1966. The list
of extended droughts is presented below:

. PER1ODS OF DROUGHT

Year Months Length of Drought
1908 Jun-Dec 7 months
1909 Jul-Dec 6 months
1914 Feb-Dec 11 months
1930-31 Jan 30-Dec 31 24 months
1941-42 Jan 41-Feb 42 14 months
1957 May-Dec 8 months
1961-66 Jun 61-May 66 60 months
1980-1982 : June 80-April 82 22 months

Awareness of the impacts of salinity in the Delaware estuary significantly
increased during the unprecedented drought of 1961-1966. Low rainfall and
aquifer depletion led to recgrd low natural surface flows (definéd as total
discharge minus reservoir releases) in 1964 and 1965. 1t is estimated that
this drought had a recurrence interval of several hundred years in the upper

Basin and about 100 years at.the mouth of the Schuylkill River.

Prior to the 1960's the most severe drought was that of 1930-32. The
minimum mean monthly runoff at Trenton during the 1930’'s drbught occurred in
September 1932.when the flow was 1,762 cfs. This low figure is considered
to have been a natural flow since the upstream reservoir system had not yet
been constructed at that time. By compérison, the lowest natural average

monthly flow during the 1960's drought was 1,106 cfs (September 1964).

The intrusion of record high levels of salinity into the upper reaches of
the Delaware estuary during the 1960's drought threatened the municipal
withdrawal systemé and adversely affected the operations of direct
industrial withdrawal users. Production cutbacks and the necessity of

switchovers to alternate water sources were reported by the latter.
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The Delaware River Basin Commission, established in 1961 just prior to the
1960's drought period, quickly became involved in water management

problems. In 1967, the DRBC adopted water quality standards to maintain

‘reasonable levels of salinity throughout the tidal portion of the Delaware

River and to protect both withdrawal and instream users. The salinity

standards, measured in chlorides, were as follows:

River-Mile(s) : Chloride Standard
133.4 - 108.4 Maximum 15-day average: 50 mg/l
108.4 - 95.4 Maximum instantaneous: 200 mg/l
95.4 - 78.8 Maximum instantaneous: 250 mg/l
at river-mile 92.5 (mouth of the Schuylkill
River)

For the first time since the record drought of the 1960's, the DRBC declared
a water-supply emergency in January 198l. A discussion of measures taken

during this drought is presented on page 68.

A comparison of the salt-line (as measured by the 250 mg/l isochlor) for the
1960's and 1980's drought is shown below.

ESTIMATED MAXIMOM LOCATION (IN RIVER MILES*) OF THE 250 mg/1
CHLORIDE LINE IN THE DELAWARE RIVER ESTUARY

Month 1964 1965 1980 1981
February -~ -— - 97.5
August 96 95 88 87
.September 96 98 93 89
October 100 9 : 96 91
November 101 - 90, 85

* for comparison, the mouth of the Schuylkill River is at river mile 92.5

CURRENT WATER USE

Two categories of surface water withdrawals were identified within the study
area: municipal system and direct industrial. A map showing the specific

intake locations is included in Appendix 2. The municipal systems withdraw
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from the estuary or groundwater sources to provide water supply for

domestic, industrial, commercial, and institutiomal use. Direct industrial

users withdraw from the estuary or groundwater sources. Based on interviews .
with the municipal supply systeﬁs conducted during both the: DRBC Lnventory

of Water Uses (1978), and the followup survey undertaken during this

investigation the following estimates were developed (in millions gallons

daily (mgd).

e SURFACE WATER. The following withdrawals (1978 water use) were made by

the two categories of users,

(}5 Municipal System mgd Intake Location (RM)
Philadelphié (Torresdale) 250 110
Bristol S : 119
Lower Bucks _ 9 122
TOTAL | ‘ 264

{2) Direct lndustrial Users

The 1978 surveys identified fifty-six industrial plants that withdraw
directly from the estuary. Water is used for various purposes as indicated

in Table 2 and Figure 3.

TABLE - 2

DIRECT INDUSTRIAL WITHDRAWAL
BY TYPE OF WATER USE

Type of Water Use . mgd
Once-Through Cooling : _ v 4857
Recirculating Cooling 22
Boiler Feed : . L ' 16
Process ' o 221
Sanitary and Other ‘ Do - o 11

TOTAL ' 5127
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e GROUNDWATER. Groundwater withdrawals are relatively small as compared to
the surface water withdrawals. Practically all groundwater is obtained from

the Potomac-Raritan- Magothy aquifer system.
ESTUARY ECOSYSTEM

TIDAL MARSHES

The lower 50 to 60 miles of the estuary are fringed by sandy banks and tidal
salt marshes. Collectively, these areas form the estuary wetlands. While
all components of the wetlanas are important to estuarine ecology, it is the
vegetated marshes that are the most significant. These areas, with their
wide expanses of vegetated flat land and numerous tidal creeks, are the
basis of eétuarine productivity cycles. Numerous mammals, fish, and birds
utilize the creeks and grass zones for food and shelter. Some species
‘utilize the marshes only at certain times, such as during spawning or

migratipn periods. Other species are permanent marsh inhabitants.

Thé productivity of marshes results from the constant exchange of water
between‘the vegetated flats and the tidal creeks. As tidal waters flow over
the grasslgnds, dead grasses are picked up and washed into the creeks.
There, théy become availablg to a wide range of organisms that directly
utilize this dead material, known asvdetritus. Some of the detritus is
eaten by various benthic (bottom-dwelling) species and planktonic
invertebrates. Much of it is colonized by microscopic bacteria that
chemically break down the plants into basic chemical coﬁppnents. These
chemicals are released into the water where they serve as nutrients for the
growth of phytoplankton (small microscopic plants), or where they can be

washed back over the marsh grasses, which also need the dissolved nutrients
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for their growth. The phytoélankton, in turn, serve as .food for microscopic
animals (zooplankton), which ﬁltimately become food for a variety of fish
and shellfish species, many of which man himself eventually utilizes. The
productivity of the entire estuary is, thus, heavily dependent on the
.constant éxchanges that occur between the vegetated mérsh lands and the

tidal creeks. . \
FISH AND WILDLIFE

The abundance and distribution of aquatic organisms in the Delaware estuary
are influenced by natural and man induced water quality conditions.’
lndustrializafion and urbanization along the river between Philadelphia, PA,
and Wilmington, DE, have, over time, caused severe alteration of the aquatic
ecosystem. Above and below this zone, the estuary approaches more natural
conditions and maintains a greater diversity and abundance of aquatic life.
The more saline Delaware Bay supports a large breeding and nursery area, as

well as a viable commercial fishery.

PLANKION

Phytoplank;on populations in the Delaware estuary exhibit seasonal patterns,
marked by spring and fall blooms, somewhat lower population levels in
summer; and minimal populations during the winter. Photésynthetic activity
by phytoplankton occurs only within about three meters of the surface.
Rowever, since thgre is substantial mixing of waters within the river,
phytoplankton are well distribgted throughout the various depths of the

estuary.

Zooplankton are more abundant in the brackish waters of the tidal Delaware
River than in either the more saline seaward reaches of the Delaware Bay or
in the freshwater, landward reach. Zooplankton densities vary seasonally,

~with the peak population generally occurring during the warmer months.
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BENTHOS

A wide assortment of benthos exists in the Delaware estuary, especially in
the seaward reaches of the bay. Included among these organisms are some
economically important mollusks (oysters and hard clams) and crustaceans
(blue crabs). Oysters are the most economically significant component of
the Delaware River and Bayvbenthic community. They are located in the
Delaware Bay and in the river as far north as Artificial lsland (RM 55).

- The major beds are located south of the Cohansey River (RM 38). Oyster
spawning occurs from early June through early August, with setting of the
young beginning in late June and extending into early September. Though the
largest oyster beds are artificially maintained in the bay, there are

smaller oyster beds in many tidal streams.

Blue crabs, the second most economically important species, reproduce from
May to October. Commercial crabbing activities are centered near Artificial
lsland, but range as far south as the Leipsic River (RM 35) and as far north

as Pea Patch lsland (RM 61).

Surf clams, American lobster, sea scallops, and hard clams are also
harvested in the lower estuary, but are much less economically important

than oysters and blue crabs.

FINFISH

Over 250 species of fish have been identified in the Delaware estuary; many
of these species are known to spawn within its waters. The most important
nursery grounds are located in the lower estuary. Many of ﬁhe species that
spawn and spend their early life in these nursery areas are directly or

indirectly valuable to commercial fisheries.

The degraded nature of the Delaware River near Philadelphia severely limits

the abundance and diversity of the resident fisheries. The most common
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indigenous fishes are killifish, catfish, carp, white perch, yellow perch,

and eels.

Six species of anadromous fish; the American shad, striped bass, white
perch, hickory shad, blueback herring, and alewife, and'one catadromous
species, the American eel, are common in the Delaware estuary. The
populations of these species, especially the American shad and striped bass,
have declined in the estuary during the last several decades. 1ln large
part, this is believed to be a result of reduced water quality. More
recently, there has been some improvement, possibly as a result of better

wastewater treatement.

HUMAN OSE

Commercial fishing in the bay is a large industry accounting annually for
over 4 million pounds valued in excess of 2 millionm dollars.. Generally,
oysters account for 70% of the total harvest value, with blue crabs second
at 20%, and sea trout (weakfish) third at 4%. Other commercial species
include Atlantic menhaden, American shad, striped bass, eels, and white

perch.

Recreational fishing in the bay accounts for over one-million man-days
annualiy. Principal sport spe;ies are weakfish, summer flounder, bluefish,
black sea bass, white perch, and striped bass. Upriver fishing in the
Delaware River in the Philadelphia vicinity accounts for over 100,000
man-days of fishing annually? with alewife, blueback herring, shad,

bullhead, sucker, sunfishes, carp, and eel the main catches.
WILDL1FE

The wetland habitat contained in the study area supports a wide variety of

aquatic and terrestrial organisms. Tidal marsh provides food and cover for
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many wildlife species, including wading birds, shorebirds, 'raptorial

species, migratory waterfowl, and rodents.

Many species of mammals and birds provide an important recreation attraction
to hunters, photographers, and other wildlife enthusiasts. Species of
recreational value include migratory waterfowl, song birds, deer, rabbit,

muskrat, raccoon, and oppossum.

HUMAN RESOURCES

PRINCLPAL COMMUNITIES AND INDUSTRIES

The most heavily populated reach of the Delaware estuary is the area
bordering the estuary from Trenton, New Jersey, to Wilmington, Delaware.
The principal municipalitiés along the main reach of the estuary are:
Trenton, NJ, Philadelphia,vPA, Camden, NJ, Chester, PA, and Wilmington, DE,

(See Figure 4).

An extensive complex of industrial plants also lines both sides of the
Delaware estuary. lndustries produce good515uch as chemicals and allied
products, petroleum, primary metals, paper and allied products,‘prqcessed
foods, and electric power. The most heavily industrializedvgréa is 1o¢éfed

in the Camden-Philadelphia-Chester reach of the estuary.

POPULAT 10N

There are 13 counties in the study area, as shown on Fiéure 5, with a total
estimated 1980 population of 5,182,600. Table 3 shows a breakdown of

population by counties. County totals range from a concentration of

1,876,500 in Philadelphia County, to 62,900 in Salem County.
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The 1980 population estimates developed by the States of Pennsylvania, New
Jersey, and Delaware were compared with population data recently assembled
by the U.S. Bureau of Census. The census data showed reasonable agreement

~with these estimates of population in the study area.

TABLE 3

POPULATION OF STUDY AREA
BY COUNTLES (1980 FIGURES)

COUNTY POPULAT 1ON

NEW JERSEY 1/

BURLLNGTON 376,700
" CAMDEN 483,200
CAPE MAY 85,900
CUMBERLAND 135,100
GLOUCESTER 201, 300
MERCER _ 323,500
SALEM , 62,900

PENNSYLVANIA 2/

BUCKS : 453,000
DELAWARE 586,100
~ PHILADELPHIA 1,876,500
DELAWARE 3/
KENT 98,700
NEW CASTLE 405,800
SUSSEX 93,900
STUDY AREA TOTAL 5,182,600

SOURCES:

1/ New Jersey revised total and interim age and sex population projected,
April 1979.

2/ Pemnsylvania projection series summary report, June 1978.

3/ Delaware Population, February 1980.
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EMPLOYMENT

The classes of industry that employ the majority of persons in the study .
area are manufacturing and wholesale and retail trade. Another important

field of employment is service. The total labor force is 2,284,500 persons,

ranging from 804,300 personsiin Philadelphia County to 29,250 persons in

Salem County. Estimates of labor force in the study area by county are

shown below:

2 :
COUNTY ¥  LABOR FORCE
PENNSYLVANIA 1/
BUCKS 214,400
PAILADELPHIA 804,300
DELAWARE 257,100
DELAWARE 2/
NEW CASTLE 186,900
KENT AND SUSSEX 90, 000
NEW JERSEY
MERCER 3/ 171,513
BURLLNGTON 4/ 157,058 ~
CAMDEN 4/ 212,793
GLOUCESTER 4/ 47,875
SALEM 5/ - 29,250
COMBERLAND 6/ ' 66,306
CAPE MAY 7/ 47,000
STUDY AREA TOTAL | 2,284,495
SOURCES :

1/ Philadelphia Labor Area Annual Planning Report, May 1981

2/ State of Delaware Annual Planning Report, June 1980

3/ Trenton Labor Area Planning Report, May 1980

4/ Camden Labor Area Annual Planning Report, May 1980

5/ Salem Labor Area Annual Planning Report, May 1980

6/ Vineland - Millville - Bridgeton Labor Area Annual Planning Report, May 1980
7/ Ocean City - Wildwood — Cape May Labor Area Annual Planning Report, May 1980
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PLANNING PROCESS

1INTRODOCT 10N

Due to the informational nature of this study, the normal tasks of the
planning process (problem identification, plan formulation, impact
assessment, and evaluation) do not apply directly. The ensuing discussion

emphasizes the first two of these tasks.
PROBLEM IDENTIFICATION

CHARACTERIST1ICS OF SALINLITY INTRUSION

The distribution of salinity in the estuary is for the most part a result of
the interaction of freshwater flow and saltwater inflow. Freshwater flows
from the headwaters of the Delaware River, from tributaries, as direct
runoff from the land, and from groundwater seepage. Freshwater discharge
varies with the season. 1t is generally greatest in March and April, owing
to spring thaws, and least from June to October, when growing plants rapidly
remove soil moisture and evapotranspiration is at its-peak. Normally,
during the summer and early fall, a greater proportion of the rainfall soaks
into the ground and lesser proportion runs off directly to the streams.
Freshwater inflow from the Schuylkill River and from other smaller
fributaries, also affects salinity concentrations, but except for short time
periods, the discharge at Trenton is a reasonable indicator of the total
freshwater flow. The influence of variations in freshwater flow on the
level of salinity in the lower estuary occurs over an extended period. The
time required for flow chaﬁges,at Trenton to influence lower estuary
salinity normally takes only a few days, but the effects on salinity may

. persist for many months. Salinity, whether caused by sea-water intrusion or

by the discharge of wastewaters containing dissolved solids, is a major
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concern in the Delaware estuary. The estuary serves as a source of water
supply for municipalities and industries, and as a habitat for many fish and
wildlife species. Chlorides have a special importance in the Delaware
estuary as anvindicatdr of séa water mixing with freshwater. DRBC
hydrologists have generally defined the "salt line" in the estuary
(indicating significant sea salt concentrations) as the location where the
concentration of chlorides is 250 milligrams per liter (mg/1). This "salt
line" fluctuates considerably during the year. 1Iln a normal year, it moves
from a point (in spring) five miles below Wiimington, Delaware, to a point
near Mafcus Hook, Pemnsylvania (in late summer or fall). This fluctuation

varies from season to season in accordance with the variations in river flow.

Changes in sea level affect the salinity levels in the estuary. Sea level
varies seasonally, primarily as a result of freshwater runoff and weather
patterns. Sea levels are lower in December, January, and February, and are

highest in August, September, and October.

There has been a long—term rising trend in the level of the ocean relative
to the shore (marine transgression) along the northeast coast of the United
States. ﬁhile there have been variations in the rate of change, the mean
|

annual rise in sea level since 1921 has been at an average rate of 3.7
millimeters per year (mm/yr). The DRBC used the Thatcher-Harleman
(MIT-TSIM) Model to analyze the effect of rising sea level on salinity. The
increment of increased chlorides attributed to the 35-year rise in sea level
between years 1965-2000 (assuming a 3.7 mm/yr increase) shows an increase
from 0.01 ppt to 0.39 ppt from Torresdale to Reedy Point, Delaware (RM 59).
A reduced increment is projected from 0.39 ppt at Reedy Point to 0.05 ppt in

: !

‘the lower Delaware Bay (RM 10). When compared to the natural variations in

salinity at any location in the lower Delaware estuary, the increases in
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salinity attributable to the projected rise in sea level do not appear to be
very large. However, DRBC estimates that a flow augmentation of 150 cfs at
Trenton would be required to offset the salinity-increasing effects of the

'projected 35-year rise in sea level from 1965 to the year 2000.

Salinity also varies with tidal cycle. During the tidal cycle, salinity is

at a maximum at approximately the time of high water slack, and at a minimum
at approximately the time of low water slack. Tidal amplitude and duration

are influenced by lunar cycles, wind and atmospheric pressure. In additionm,
meteorological tides accompany hurricanes and other coastal storms and

severely alter tide levels.

The summation of these factors results in net residual nontidal currents.
However, relationships between the driving mechanisms and the presumed or

observed flow patterns in an estuary are not completely understood.

A residual current in an estuary is defined as the net movement of water
averaged over a period of time much longer than a tidal period. These
currents are partially responsible for the exchange of water between estuary
and ocean. Concurrent with the exchange of water is the exchange of
physical and other properties, including salinity, pollutants, biological
organisms, and sediments. The seaward surface residual flow in the bay is
generally deflected toward the Delaware shbre. Bottom landward residdél
.flow follows the deep channels of the bay aﬁd then spreads laterﬁlly onto
the adjacent shallower areas on both sides. The estuarine type circulation
with landward bottom residual currents and surface offshore residual
currents, extends at least 40 kilometers onto the adjacent ocean shelf.
Disruption of residual curfents could affec; the upstream transport

mechanism utilized by eggs and larvae of many aquatic organisms.
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Salinity varies not only as one progressess downestuary but also at times,
horizontally and vertically. Various factors, such as tidal currents,

influence variations in localized salinity.

Longitudinal salinity sections taken of the bay indicate that there is
stratification in winter and spring, while summer and fall conditions are
more nearly vertically homogenous. Salinity data collected from cruises by
the University of Delaware and the New Jersey Oyster Research Laboratory
show that there is at least a slight vertical gradient in the bay throughout
the year. With partial stratification, surface salinity will decrease with
increased river flow, while bottom salinity will not decrease as rapidiy,

and under some circumstances, may actually increase.

'

IMPACT QF THE CHESAPEAKE AND DELAWARE CANAL ON SALINITY DISTRIBOTION IN THE

DELAWARE ESTUARY

The Chesapeake and Delawérej(C&D) Canal has a marked effect on salinity in
the Delaware estuary. This;sea level canal, constructed to provide a
protected inland waterway between Baltimore, MD, and Philadelphia, PA, (see
. Figure 6), was enlarged between 1964 to 1975 to its current depth of 35 feet
and width of 450 feet to accomodate larger vessels. The canal is over 17

miles long, extending from Reedy Point to Welch Point.

The flow in the canal is ngerned by water surface gradients cauged by the
water elevations at both ends of the canal. At the eastern end, the mean

ti&e range is 5.5 ft, and at the western end, 2.2 ft. As a result of the

physical differences of the Chesapeake anq Delaware Bays, tides at the

‘opposite ends of the'canaliare approximately 10 hours out of phase.

As discussed earlier, the average flow in the canal can vary significantly

in quantity and direction. Most of the previous studies were centered on
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attempting to understand the dynamics of the C & D Canal itself. However,
those studies were not able to determine the impact of canal flows on the

salinity distribution in the Delaware estuary over a relatively long period.

SENSITIVITY OF SALINITY CONCENTRATIONS TO WATER USERS

e HEALTH EFFECTS. Two criteria, tofal dissolved solids and chlorides, are
commonly used to set standards of potability. For example, the recommended
maximum levels of these constituents in drinking water are 500 mg/l total
dissolved solids and 250 mg/l chlorides. The drinking-water criterion of
250 mg/l; chloride is based more on palatability than on health protection.
This level is considered the extreme limit for all domestic uses (drinking,
cooking, washing, etc.). However, for health and taste reasons, more
stringent standards are prescribed. For example, persons suffering from
ca;diac, renal, and circulatory diseases should not consume water with high
sodium concentrations. For persons on sodium restricted diets, the American
Heart Association recommends an upper limit of 20 mg/l of sodium in drinking

water. The State of New Jerse has adopted a sodium standard of 50 mg/1 for

drinking water.

e SALINITY-RELATED COSTS. Although the problems associated with use of
water from an estuary with fluctuating levels of salinitj have been well
known, the costs associated with salinity have uot been determined.  For
example, industrial water users bear costs of cleaning and replacing
corroded parts, utilizing alternate water sources, and treatment of saline
water. The municipal systems that Qithdraw estuary water, (Philadelphig,
Bristol, and Lower Bucks County), need. large quantities of water and face

very costly alternate sources. They also bear costs of cleaning and
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replacing corroded parts. Domestic users face costs from corrosion of

household facilities and treatment of saline water. This study undertook

efforts to .quantify the extent of salinity related costs to withdrawal users.

e IN-STREAM USERS. The ability of an organism to exist within a given
environment depends on the needs of the organism and the characteristics of
the environment. Such factors as the availability of food, space and
breeding sites} disease and é?edator cycles, temperature, sunlight, and
salinity combine to determine;what species will be supported and to what
degree. A species cannot ma?ntain an existence under extreme physical or
chemical conditions, buf rather reside within an intermediate "range of
tolerance', which varies for.each organism and its stage of development.
Within this range is a zome qalled the "optimum range' bracketed by upper
and lower "zones.of stress".. Different environmental factors often db not

operate independently, and a reduction in the total range of tolerance can

'

be caused when an organism is stressed by any one factor.
|

In response to salinity variations, species may increase or decline in
popul;tion, become extinct iﬁ an area, or migrate to suitable habitat in
other parts of the estuary. A specific change in estuarine salinity will
cause a gradual rather than instantaneous effect on species productivity.
Estuarine aquatic species will adjust to such variation by changes in their
growth, mortality, and reproduction rates, which combine to give overall

biological productivity.

The timing of the flow into estuarine waters within a given year is
important because of its effect on the productivity, stability, and general
health of the estuarine ecosystem. Most species are tuned to the normal

natural variation for critical life functions, breeding, feeding, and
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migration. The period between May and August is espe;ially important
because, during this time, the estuary provides important spawning and
nursery needs for a majority of coastal and estuarine species. This period
overlaps two different hydrologic periods of high spring flow and low summer

flow.

The problems of salinity variation become critical when the aquatic
population is subjected to natural conditions that put them under stress,
sugh as that which occurs during natural drought conditions. During these
conditions the addition of further stress could cause large changes in

aquatic productivity.

Residual currents in the lower estuary are influenced by several factors
including salinity. Disruption of residual currents could affect the
upstream transport mechanisms utilized by eggs and larvae of many aquatic

organisms.
SOMMARY OF PROBLEMS

The specific problems that have been identified and addressed in this study
were discussed previously as study objectives and are reiterated below along
with specific study accomplishments. These accomplishments are further

described under Plan Formulation.

PROBABILITY GOAL

a. Economic Analysis. As indicated in the Plan of Study, work under

" this objective included both a preliminary analysis (or phase 1), which was
used to provide input to DRBC, and a second phase used to determine average

annual costs incurred over a long period.
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b. - lmpact of the Chesapeake and Delaware Canal. These efforts included
both the review of available modeling efforts and determination of the range
of impacts as identified in the Plan of Study. In addition, a dynamic : .
interactive quification to the MIT-TSIM Model was developed as part of this

objective.

c. Impacts of Salinity Variation on Estuarine Fish and Wildlife

Resources. As part of this objective, the relative impacts of variation of

salinity were studied.

d. Development of Probabilities of Salinity in the Estuary. The
specific accomplishments undér this objective included using the MIT-TS1M
Model as modified by "b" above to run the past 50 years of historical flow
records. The results of theée model runs were used to determine salinmity

probabilities as required by the Congressional resolution, and to serve as

input to the second phase of the economic analysis (see "a" above).
|

QUANTITY OF FLOW GOAL

e. Determine the quantiﬁy of freshwater flow necessary to protect water

users of the estuary.

f. Develop a basin plan for drought and normal hydrologic conditions.

The results of the first phase of the economic analysis described in "a",

along with extensive other pertinent information, were used by DRBC to
determine flow objectives (e,f) for the Delaware River Basin as part of
their Level B Study. The results of the balance of thé study ("a" thru "d")
were reviewed by DRBC to determine whether further changes in the flow

objectives were warranted.
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PLAN FORMULAT 1ON

ECONOMIC ANALYSIS

Since an answer to the economic objective was vitally needed by DRBC as part
of t;e data they considered in determining a flow objective for the basin,
the economic studies were conducted in two phases. Phase one entailed the
development of salinity-cost relationships for municipal and industrial
water users and application of these relationships to determine estimated
salinity-related costs during both drought and normal hydrologic

conditions. Phase two involved the computerization of these relationships

and application over a long period of time.

PHASE 1 ECONOMIC STUD1ES

The invesfigation of economic effects encompassed a variety‘of water users
of the Delaware estuary and its tidal triputaries. Explicit salinity-cost
relationships were developed for fifty-six industrial plants and three
municipal water supply systems. Drinking water health-related costs were
not.included. Costs to groundwater users (whose supplies are taken from
aquifers that are recharged in part by the Delaware estuary) were not
quantified. While some wells have in the past been shut down, the causes
for these closures are mlti~faceted, and involve many water quality
parameters in addition to salinity. By comparison to those identified costs
the groundwater related costs were estimated to be minimal in view of the
small groundwater withdrawals relative to surface water withdrawals. This
assessment could change with increased groundwater use or increased salinity
contamination of the aquifers involved. Further, only a portion of this
impa;t would be attributable to salinity. Coordination was effected to
quantify this impact; however, the available data are not adequate to allow
quantitative evaluation of salinity-related costs to groundwater users near.

the estuary. Similarly, data are not available to assign costs of
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salinity-changes to the fisheries of the Delaware estuary. Consequently,

further efforts in this regard were discontinued.

Relationships between salinity, defined as total dissolved solids, and unit

costs for each of the following types of withdrawal use in dollars per

million gallons were developed.

CATEGORY . TYPE OF USE
Direct lndustrial Withdrawal once~through cooling
recirculating cooling
process

boiler feed
sanitary and other
intake _ :

Municipal Systems ‘ municipal facilities
domestic
industrial and commerical
institutional :

All costs are estimated on a per unit of water use basis over the range of

salinities experienced. Three cost categories were defined and estimated:

"lnvestments Costs" - depending on expected salinity

“"Contingency Costs'" - applied above a switchover criterion salinity

"Daily-Salinity Costs" - predicated on experienced salinity
“Investment costs" involve investment decisions undertaken to reduce
salinity effects and vary aécording to the location of the user.
"Contingenéy costs" are the costs for alternate sources of water above a
switchover criterion salinity. Cost of corrosion, including repair,
downtime, early replacement and certain chemical treatment costs, were
considered to be "daily-salinity" costs. These costs vary depending on the
experienced level of salinify.
Refer to Appendix 2 for a dgtailed discussion of the development of the three

cost categories and the salinity-cost relationships for each type of water

use,
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o USE OF TRANSIENT SALINITY lNTRUSlON MODEL (MIT-TSIM). In order to
determine salinity-related costs for the drought and normal hydrologic
conditions, DRBC's Transient Salinity Intrusion Model (MlT-TSlM)_was used to
simulate»salinity concentrations in the Delaware estuary. Further detail in
the deveiopment of the original model and its subsequent modifications are

documented in Appendix 1.

The model simulated salinities for water years 1965 and 1970, which
represent drought and normal hydrologic conditioms, respectively. The
simulated salinities were then applied to the relationships develéped as
part of this study (as presented in Appendix 2) to estimate salinity-related

costs. The costs ignored the effects of daily variations in the Chesapeake

and Delaware Canal on salinity.

e COORDINATION. An Executive Summary was prepared and distributed to all
interested parties to document the results of the Phase 1 Economic Study.
The data developed as part of this study, including both model runs and
economic data, were used by DRBC in developing flow objectives. In
developing ﬁhese flow objectives DRBC established one of the cornerstones
of their basin planbas presented in the Level B Study and also satisfied the
ﬁuantity goal (goal B) of this study. Further detail regarding DRBC's
effort is discussed under the quantity of flow objective portion of this

report.

PHASE 2 ECONOMIC STUDIES

in this phase of the economic stﬁdies, a computer model (ECOSALT) was

developed based on the salinity~cost relationships and equations for with-

drawal users developed in Phase 1. The economic model calculates average

annual costs to withdrawal users, based on spatial and temporal variation of
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salinity concentration in the Delaware estuary, and was used in the

long-term simulations to determine salinity cost estimates.
IMPACT OF THE CHESAPEARE AND:DELAWARE CANAL

BACKGROUND

This study anticipated use of the Tranmsient Salinity Intrusion Model to
conduct the long-term analysis. However, the model as programmed did not
account specifically for local wind effects, nor, as anticipated in the Plan
of Study, the impact of the lehesapeake and Delaware Canal. Due to the
extensive effort conducted in anélysis of Chesapeake and Delaware Canal

effects, this area is treated as a separate objective.

WIND EFFECTS

An analysis was undertaken to determine whether the effects of local wind

(within the boundaries of the Delaware estuary) should be reflected in the

MIT-TSIM Model before making  long-term simulations. The analysis considered

chloride distributions at sik stations and revealed that local winds do not
have a significant role in long-term salinity predictions. Based on these
results, the local wind effects on salt intrusion were not incorporated in
the model. The effects of ocean winds were taken into account by the use of

observed tides at the mouth of Delaware Bay as inputs to the salinity model.

As described in the Plan of Study, the range of impacts of the C&D Canal was
intended to be defined as part of the study. To determine the range of
these impacts, various sensitivity analyses were undertaken. One phase of
these analyses was used to determine the impaét of flows in the C&D Canal
over a relatively long periéd. A second phase considered various

hypothetical hydrologic conditions to determine relative impacts. After
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reviewing the results of these analyses, it was realized that the canal
could be dynamically incorporated in the MIT-TSIM; thus a Branched MIT-TSIM
was developed. Finally, tﬁe pre- and post—-enlargement conditions of the C&D
Canal were analyzed using the Branched MIT-TSIM Model. Additional detail is

provided in Appendix 1 of this report.

SYNOPTIC (4 MONTH) ANALYSIS

Previous investigations were based on extremely short time periods (such as
several days). To test the impact of using a éubstantially longer period, a
search was made for the longest available period of synoptic (same-time)
tidal data in the Chesapeake Bay, Chesapeake and Delaware Canal, and
Delaware estuary. From available data, a four month period (July-October
1979) was selected. The floﬁs in the canal ére governed by the tidal |
elevation gradient. Since extremely small differences in relative elevation
at the ends of the camnal could cause significant variations in flow, it was
necessary that all the C&D tide gages be referenced to a common datum and
that each gage datum be as accurate as technically possible. For this
reason, a first order leveling survey was conducted during the summer and
fall of 1979 along the C&D Canal between Reedy Point and Town Point. The
tidal data for the selectedbperiod were adjusted to the‘ﬁew datum. Using
Hunter's model, tide elevations were computed within close tolerances to the
‘observed values. Consequently, real~time flows (generated by Hunter's

model) were incorporated into the MIT-TSIM Model.

Quantities and direction of flow were calculated at Reedy Point, DE,
representing net non-tidal flow in and out of thé Delaware estuary through
the C&D Canal. Flows as high as 81,700 cfs eastward and 50,800 cfs westward,

averaged over a tidal cycle, were computed during the selected period. The



four month average (July-Octbber 1979) was 6,960 cfs eastwafd. As a result
of this analysis, effects of the canal were found to occur in calculated
Delaware estuary salinities between RM 47 (12 miles downstream of the

confluence of the canal) and 80 (21 miles upstream).

I

BYDROLOGIC CONDITION ANALYSIS

The objective of this analysis was to determine the impact of the C&D Canal
on the salt intrusion in the Delaware estuary under various hydrologic

conditions.

Under this portion of the study, the influence 6f canal flows was derived
assuming July-October 1979 cénditions (in the canal) to coincide with
freshwater inflows (to the Délaware) of 1965, 1970, and 1975. These water
years are characterized as dtought, medium, and high freshwater years,

respectively, for the Delaware River Basin.

The sensitivity runs confirmed that canal flows have appreciable impact on
salinity concentrations in_t#e Delaware estuary. These impacts could be
either positive or negative iindicating higher or lower salinity,
re#pectively) depending on the location of interest and flows in the canal.
Simulations using medium and high estuary flow conditions resulted in the
most negative impact. However, for drought conditions canal flows had a

positive effect; the impact of the canal was felt from Ship John Shoal (RM

37) to Torresdale (RM 110).

MIT-TSIM MODIFLCATION TO INCLODE THE CHESAPEAKE AND DELAWARE CANAL

As a result of the above effort, the study realized that modifications to

the MIT-TSIM Model could be made to reflect the dynamic interaction of the
canal wifh the estuary, and%therefore, represenf more realistic conditionms.
The original version of the MIT-TSIM Model was extended to incorporate the

canal as a branch. This eliminated the need to use a separate model to
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compute C&D flows and the need for Reedy Point tidal data. With this
_modification, flows and salt transport in the C&D Canal are cpmputed
dynamically rather than serving as input conditioﬁs. The numerical solution
technique of the MIT-TSIM Model, however, remained unchapged. With these
alterations, a Branched MIT-TSIM Model was developed. The resulting model
has two tidal boundaries, one at the entrance to Delaware Bay (Lewes, DE)
and another at the head of, Chesapeake Bay (Town Point, MD). A third
boundary (for river-fiow inputs) exists at the head of tide in the Delaware

estuary at Trenton, NJ.

PRE- AND POST-ENLARGEMENT CONDITIONS

The Branched MIT-TSIM Model was hydrodynamically recalibrated using the
tidal data for the selected period (July-October 1979). Upon complétioh, it
was used to conduct a sensitivity amnalysis for tﬁe pre—and post enlargement
conditions of the C&D Canal under various boundary specificatiqns. Table 4

summarizes the results of the analysis.

TABLE 4

SUMMARY OF MAXIMUM CHANGES 1N CHLORIDE CONCENTRATIONS 1IN THE DELAWARE
ESTUARY FOR SIMULATED PRE~ AND POST- ENLARGEMENT CONDITIONS OF THE C&D CANAL

Maximum change in chloride
concentrations as a percentage
of the maximum pre-enlargement
concentration, mg/1

, DRBC ‘
Station ~ River Mile - 1979 1965 . 1970 1975
Ship John Shoal . 37 -9 ~17 -14 =9
Reedy lsland Jetty S4 16 -20 -13 15
Delaware Memorial Bridge 69 41 -14 40 33
Chester 82 47 =25 25 34,
Ben Franklin Bridge 100 3 -18 3 2
Torresdale 110 1 -12 -1 - =1

Note: All simulations based on July-October 1979 tidal elevations specified at
Lewes, Delaware, and Town Point, Maryland. Tributary inflows are those for the

year specified.
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IMPACTS OF SALLNITY VARIATION ON ESTUARINE FI1SH AND WILDL1FE' RESOURCES

Salinity exerts strong effects on the Delaware estuﬁrine ecosysten,
influencing the distribution of marsh plants, benthic invertebrates, fishes,
and certain wildlife. Relatively few aquatic species tolerate the entire
salinity gradient from freshwater to saltwater; most occup& portions of the
gradient. Salinity intrusion affects the estuary ecosystem by controlling
biological productivity for many species considered important to man. This
results from salinity-based variations of growth, mortality, and reproduction
rates. The périod between May and August is especially important because,
during this time, the estuary provides important spawning and nursery habitat

needs to many species.

The estuary is highly variabie in terms of salinity and its inhabitants have
de facto developed the abiligy to tolerate normal variations. The problem
occurs when the aquatic population is subjected to natural conditions that put
them under stress. At such'ﬁimes, they are less able to handle additional
stress. One such situation occurs during droughts when insufficient

freshwater is available for all demands.

Flows during the spring period ending in mid-June are typically the highest of
the year. The result is a lowering of salinity in the estuary, which
generally favors aquatic reproduction. The summer and fall flows, in

- [ .
comparison, are the lowest of the year and a relatively small amount of

freshwater inflow can noticelably affect salinity levels. In addition to the
natural variation in freshwater flow, man's needs also vary, peaking in the
summer during periods of low freshwater flow. By analyzing the seasonal flow

cycle and the various needs of the biologic community, it is possible to

determine the qualitative effect of salinity change.
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lncreaséd salinity intrusion in spring would not affect garsh plant
composition but would tend to inhibit seed germination and plant growth,
reducing primary productivity. It would allow benthic invertebrates
associated with higher salinities to advance up the bay. This would increase
ﬁenthic di%ersitj while reducing habitat for brackish and freshwater species.
Oyster~drill predation could extend into seed oyster béds formerly protected
by intermediate and low salinities. MSX disease may also be extended.. Oyster
losses could increase, damaging the oyster industry. Such damage would vary

with the degree of increased salinity intrusion.

Significantly increasing spring salinities would shift the primary spawning
and nursery grounds of estuarine fishes ﬁp the estuary. Larger number of eggs
and larvae of weakfish could be brought closer to the intakes of the Salem
Ruclear Generating Station, possibly increaéing enﬁrainment and impingement
losses. More eggs and larvae of striped bass would be brought closerbto the
Philadelphia pollution zone, possibly increasing mortality. lncreésing spring
salinities would reduce the extent of the low salinity zone, limiting valuable
spawning aﬁd nursery habitats for low-salinity-dependent fishes. lncreasing
salinity would not affect the composition of waterfowl food plants, but would

tend to reduce productivity, forcing waterfowl to forage over larger areas.

During normal and wet hydrologic years, sufficient water is available to
supply present and projected summer needs. But during dry years, available

flow is not sufficient to satisfy all needs.

Reducing summer salinity levels would limit the seasonal shift of fishes up
the estuary, which coincides with naturally declining river flow, thereby
kmaintaining a buffer between the nursery areas and the Philadelphia pollution
zone. It would also minimize the normal summer shrinkage of the low salinity
zone. Decreasing summer salinities would restrict the advance of
salt-tolerant benthos up the estuary and benefit brackish and freshwater
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types. Reducing salinity intrusion in summer would prevent conversion of
brackish marsh to saltmarsh,‘thereby, benefiting waterfowl. Muskrat
production, which is limited‘by high sélinity, would also benefit from
profection of.brackish marshés. Wading birds and shorebirds would not be

affected by increasing or decreasing salinity.

During moderately dry periods (between drought and normal conditions) the
effect of competing water deﬁands and rising sea level will cause a net
increase‘in salinity. Lncreased salinity levels will cause a reduction in the
productivity of many species;that utilize the estuary, including commercially
and recreationally important:species, relative to normal conditions. The
effect, while not catastroph&c and probably not discernable within the
natufally flﬁctuating populakions of the species in question, will cause a net

reduction in the overall productivity over an extended period.

While salinity does have a variety of impacts on the estuarine ecoéystem, the
impacts of salinity change as described in the above paragraphs, can be both
positive and negative. (These impacts are treated in further detail in
Appendix 3). The ove¥a11 net impact cannot be quantified without reference to

the degree of salinity change, nor without indicating relative preferences

within species and even cycles within individual species. This report merely

|

attempts to identify potential qualitative impacts of salinity on the
ecosystem.

DEVELOPMENT OF PROBABILIT LES

LONG-TERM (50-YEAR) ANALYSI1S

A long-term simulation was conducted to determine probabilities of incurring

various salinity levels. These probabilities, in turn, were coupled with the
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results of the economic analysis to determine economic .impacts of salinity on

withdrawal users of water from the estuary.

Freshwater inflows developed by the Section 22 study for the period of
1927-1977 served as input to the Branched Salinity Modél. That iﬁput was used
to generate time and space varying salinity concentrations in the Delaware
-estuary. The output of the Branched Model was used as input to the Economic

(ECOSALT) Model to compute average annual costs to direct water users.

Figure 7 shows the Branched Model schematization of the Delaware estuary and
Chesapeake and Delaware Canal system. The network consists of the main stem
of the Delaware estuary from its ocean boundary at the Capes to the head of
tide at Trenton, NJ and one branch. The brénch represents the C&D Canal, .
which extends from Reedy Point on the Delaware River, DE, to Town Point on the
Elk River, MD. The system described considers three boundaries situated at
Lewes, DE; Trenton, NJ; and Town Point, MD. The confluence of the C&D Canal
and the Delaware estuary at Reedy Point constitutes an internal point where no
hydraulic or salinity specifications are necessary. The Branched Model
internally computes these variables for this location. The modeled system
also requires (as input) daily flow discharges from 24 tributaries along the

Delaware estuary.

During the period covered by the simulation runs, the Chesapeake and Delaware
Canal underwent three stages of enlargement from‘its original dimensions of 12
feet deep and 90 feet wide to its post 1975 geometry, 35 feet deep and 450
feet wide. The changes in canal geometry are not accounted for in the model;
therefore the post-1975 geometry was assumed.to be invarient for the entire

50-year simulation of salinity distribution in the Delaware estuary.
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SYNTHES 1S AND VERIFICATION OF MODEL

In order to conduct a 50 year simulation, a very large amount of data was
acquired and organized. ln addition to the freshwater inputs discussed above,
50-years of tidal elevations at Lewes, DE, (the seaward boundary of the
estuary), and synoptic tidal elevation data at Town Point, MD, (the westwar&
boundary of the Canal) were required. Methods used to fill in data gaps in
tidal information available through the National Ocean Survey at these open
boundariesvof the system are presented in Appendix 1. That appendix also
discusses further details of boundary salinity concentration and calibration
‘of the model. A satisfactory calibration was obtained for the Branched
MIT-TSIM Model. The verification of the calibrated model was determined
through comparison of model output and field observation. A sensitivity

analysis was performed to test the influence of chlorinity specification at

Town Point, MD.

RESULTS OF LONG~-TERM SALLNITY SIMULATION

The Branched Model was exercised to simulate chloride distribution for the
.Delaware estuary over the 50-year period from water year 1928 through 1977.

Refer to Figure 8 for a plot of 50-year average chloride distribution.

The analysis of the chlorinity variations, as computed by the model, showed
the following. Almost invariably; the chlorinities at stations in the
landward half of the estuary showed a strong correlation with the amount of
freshwater inflows into the estuary. Lt was obgerved that the C&D Canal
influence on chloride concentrations extended from Chester (RM 82) to Ship
John Sﬁoal (RM 37), Landward of that reach, the'chlorinity concentrations
were influenced more by the magnitude and the variation of flows from the

Delaware River and other tributaries of the upper estuary. ln
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the seaward portion of the estuary; the chlorinity concentrations were
influenced more by'the variation of salinities, tides and sea level at the
ocean boundary. The effece of the canal flows on the.concentrations in the
middle reaches of the Delaware estuary depended on: (a) the direction of
average net flow through the cenal; (b)rthe'magnitude of the average net flow;
and (c) the specified salinity concentrations at Town Point, MD, associated

with eastward canal flows.

Figure 9 shows the yearly average net flows in the C&D Canalvwith positive
direction corresponding to eastward flow. 1t can be seen that tﬁere is an
appreciable year to year variation in the net annual flows through the canal
over the similated 50-year period. The net eastward annual flows vary from a
maximum of 14,190 cfs to a minimum of 300 cfs. Only during two years of the
simulation period are the net flows in the canal westward. The 50-year
average of the net computed annual flows ie the canal ie 6,560 cfs eastward;

based on post—enlargement dimensions.

PROBABILITY STUDLES

While the probability studies, as presented in the Plan of Study, originally
envisioned calculation of salinity frequencies as a separate step, the long-
term (50-year) simulations actually computed the necessary frequencies as part
of an internal process. Therefore, the separate development of salinity
frequencies was not required. However, as an illustration of salinity
frequency,Vpeak'instantaneous chloride levels at RM 92.5 (mouth of Schuylkill
River) were extracted from the model for each of the 50-years, and standard
statistical procedures were applied to develop a probebility curve (Figure
10). The curve shows the probability (percent chance of occurrence in any

year) that a given peak salinity concentration could be expected to occur or

be exceeded .
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AVERAGE ANNUAL COSTS

Table 5 presents a summary of salinity related average annual costs to
withdrawal users of estuarine water with current water usage (based on a

50-year period of analysis). 'A detailed, year-by-year tabulation of costs by

type of water use is given in Appendix 1.

TABLE 5

WITHDRAWAL USERS
AVERAGE ANNUAL SALINITY-RELATED COSTS
WITH CURRENT WATER USAGE (1978 price level)

% OF % OF
WATER TOTAL AVG. ANNOAL TOTAL
USE ESTUARY COSTS AVG. ANNOAL
TYPE OF WATER USE . (MGD) WITHDRAWAL ($Mil.) COSTS
Municipal Systems:
Domestic © 144 2.7 $10.918 55.1
lndustrial/Commercial 91 1.7 1.361 6.9
lnstitutional 29 0.5 0.612 3.1
Municipal Facilities (D (1) 0.614 3.1
Total Municipal 264 4.9 13.505 68.2
Direct lndustrial Withdrawal:
Once-Through Cooling ~ 4857 90.1 0.120 0.6
Recirculating Cooling ’ 22 0.4 0.672 3.4
Boiler ‘Feed 16 0.3 0.455 2.3
Process _ 221 4.1 2.670 13.5
Sanitary and Other 11 0.2 - 0.316 1.6
Intake (2) (2) 2.069 10.4
Total Direct Ind. Withdrawal 5127 95.1 6.302 31.8

(1) All water supplied to mhnicipal users 1s drawn through Municipal System
Facilities (Torresdale, Lower Bucks, or Bristol).

(2) All direct industrial water use handled through private industrial intakes.

Of major significance, municipal system use represented a very sizeable
percentage of total average annual costs, 68.2%, although utilizing only a
small percentage of total surface water use, 4.9%. More specifically,

domestic users of municipal water account for 55.1%4 of the total average
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.annual costs incurred by surface water withdrawal useré of estuarine water,
while using only 2.7% of total withdrawals. One major reasoﬁ for the large
relative magnitude of domestic costs, in comparison to other uses, is
attributable to costs incurred from soaps, cleaners, and softeners. These
types of costs are not applicable to most other user c#tegqries. Also,
domestic systems tend to use relatively small amounts of water in relation to
that used by other municipal system users and the direct industrial withdrawal
users. Usage by the latter, particularly, is on a much larger scale, (in
million gallons per day) terms with equipment that‘tends to be less
significantly impacted by the effects of salinity per equal increment of water
use. Moreover, the exceedingly large number of domestic households
(approximately 525,000) in comparison to the vastly smaller number of users in
the other withdrawal categories (for instance, there are but three municipal
suppliers and omnly 56 direct industrial withdrawers) also helps to explain the
heavy percentage of total saiinitj costs that are incurred by the domestic

category.

Direct industrial withdrawals represent 31.8% of the total average annual
costs while accounting for an extremely large percentage of total water use,
95.1%. Of particular note, once~through cooling accounts for 90.1% of total
estuarine water use, but merely 0.6% of total average annual salinity-related
costs incurred. The major reason for the relatively low level of costs is the
very corrosion resistant construction materials used in the once-thrqugh
equipment. Once-through cooling involves running vast quantities of water

* continuously through a system designed to be very insensitivé to the impact of
fluctuating levels of salinity. However, such désign requires extra capitai

costs.

Assuming current (1978) levels of water use, future salinity-related costs
were estimated to the year 2030. Procedures that were utilized in the

development of those costs are documented in Appendix 1.
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DETERMINAT ION OF QUANTITY OF FLOW

BACKGROUND

In the Level B Study, DRBC determined the corresponding quantity of freshwatér
flow required for each of se@éral possible salinity standards. Separate flow
objectives were determined for both normal and low flow (drought) conditions.
ln determining the specific flow objectives, DRBC also satisfied the quantity

goal of this study.

T e present salinity standards and anticipated modifications being considered
by DRBC involve the following critical reaches or stations of the Delaware

estuary.

1. River Mile 24.2 to 48.5 - This reach repfesents the location of natural

seed oyster beds. Oysters are the most economically significant fishery in
the eétuary. While there is ! not an absolute correlation between oyster
harvests and salinity, oyste£ experts believe that a more seaward locatibn of
the 15.ppt salinity concentrétion during the period between May through July
provides for improved oyster survival on the natural seed-oyster beds by
reduction in predation by the oyster drill, which can account for up to one

third of summer oyster mortalities in the Delaware estuary.

2. River Mile 92.5 - This is the location for one of the present DRBC
standards for chlorides (maximum instantaneous concentration of 250 mg/1l)
which, in turn, is the basis for the current flow objective of 3000 cfs at

Trenton NJ (based on 1970 basin conditions and sea level).

3. River Mile 98.0 - The Level B Study selected this station to represent a

reference point of the connection between the river and Potomac-Raritan-

Magothy aquifer system. This aquifer system represents a major source of
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ground water supply and, therefore, a major consideration for protection. The
Level B Study recommended this station as the location for a proposed new
standard, which, if met, would also assure reasonable salinity levels at other

critcal points along the estuary.

4. River Mile 110.4 - This is the location of the water supply intake for the

City of Philadelphia at Torresdale. It is also the location of a present DRBC

standard (maximum 15 day average chloride concentration of 50 mg/1).

DEVELOPMENT OF REVISED STANDARDS

As part of the Level B Study, the above standards and critical reaches or
stations were reviewed to determine whether revisions were warranted. The
study also considered various plans to achieve these standards and the
corresponding flow objectives at Trenton in an attempt to determine the most

reasonable combination of upstream plans and downstream salinity levels.

Numerous simulations using the MIT-TSIM Model were made to test the estuarine
impacts of the various plans considered. DRBC also tested potential changes
in basin conditions and various chloride averaging periods (ranging from

instantaneous to 120 days).

As a.result of these simulations, the Level B Study coﬁcluded that the design
condition upon which the quantity objectives were to be determined should be
the drought of record (the 1960s drought) recurring simultaneously with
depletive water demands projected to the year 2000. The simulations for the
Level B Study did not include data gathered during the recent drought (which
ended in April 1982); this drought was much iess severe than the i960's
drought. The model results reflected anticipéted future growth in depletive

water use and increased salinity projected to occur if the past trend of
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sea-level rise were assumed to continue through the year 2000. The model

outputs were adjusted to take into account planned conservation measures

during a drought to reduce depletive use 15 percent below the levels
initially projegted. Additiongl adjustments were made to account for
anticipated diversions at Poinf Pléasant and increased bypassing of water
around the Trenton gage by Yardley, Morrisville, and.Trenton. The modeled
Trenton flows for selected alternative plans developed in the Level B

Study, are compared with the adjusted flows in Table 6.

TABLE 6

REQUIRED ADJQSTED FLOWS AT TRENTON, NJ
FOR VARIOUS MODELED FLOWS

Modeled Flow (cfs) l 2,690 2,940 3,400

Adjusted Flow (cfs) ‘ 2,340 2,605 3,072

Typical examples of the type of sﬁmmary data provided by the Level B Study is

shown in Table 7. ( .

|
TABLE 7

NEW YORK CITY AND NEWEJERSEY»EXPORTS VS. FLOW CAPABILITY AT MONTAGUE AND
TRENTON IN YEAR 2000 DURING RECURRENCE OF THE
1964-1965 DROUGHT CONDITIONS

Chloride Trenton Flow
Trenton Objective Needed for
‘ Montague Flow at RM 98 Salinity
Hydrologic Exports, mgd Flow Capability (mg/1) Control
Alternative Conditionm NYC NJ (cfs) (cfs) (30-day avg.) (cfs)
|
a Normal 800 100 1,750
Drought Warning 600 75 1,650
Drought 480 60 1,600 2,315 121 - 3,072
b Normal 800 - 100 1,750
Drought warning 600 75 1,650 :
Drought 480 60 1,600 2,315 180 2,605
c Normal 800 . 100 1,750
Drought warning 600 75 1,650
Drought 480 60 1,600 2,315 220 2,340

61



Table 7 allows comparison of flows that would be needed in the Delaware River
at Trenton in the year 2000, assuming a recurrence of the drought of the
sixties to meet alternative chloride objectives of 121 mg/1, 180 mg/l, or 220
mg/l (maximum 30-day average) at river-mile 98. The comparison is based on an
assumed éet of variable diversions of water out of tﬁe'DeIaware Basin aﬁd the
resulting sustainable average "summer" flow in the Delaware River at Trenton
with a sequence of "normal", "drought-warning", and "drought" hydrologic
conditions (as defined by the quantity of water in storage in New York City's
upper-basin reservoirs). The "summer" flow capability at Trenton is the
sustaiﬁable average flow for the four-month period from 1 June through 30
September, assuming no new storage reservoirs after the completion date of the
Level B Study (1981). The salinity-control critérioﬁ would be applied at RM
98 to protect the quality of water in the Potomac-Raritan-Magothy aquifer

system in the Camden, NJ, area.

In addition to the three alternatives shown in Table 7, many other
combinations of water exports, Montague flows, Trenton flows, and chloride
objectives were considered in the Level B Study. The Study Group

recommended alternative "a", shown in Table 7, as the preferred plan.

Since -completion of the Level B Study, representatives of the parties* to
the U.S. Supreme Court's 1954 decree, ﬁhich allocated water supplies among
the exporters and in-basin users, have made tentative recommendationsvfor
chloride objectives and corresponding salinity-control flows. These
recommendations call for a compromise between alternatives "a" and "b" of

Table 7. The ultimate objective for chlorides at RM 98 would be a maximum

*The parties to the decree are the States of Delaware, New Jersey, New York,
and Pennsylvania, and the City of New York.
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30-day average concentration of 150 mg/l, requiring a level of stream flow
regulation represented by a four-month average "summer" flow of about 2,880
cfs in the Delaware River at Trenton under projected year-2000 conditions.
These chloride and flow objectives could be achieved only after modification
of Prompton and Francis E. Waiter Reservoirs to provide long-term active
storage capacity, as well as‘COnstruction of the proposed Merrill Creek
Reservoir. For the interim peériod, the Supreme Court decree parties have
suggested a ﬁemporary chloride objective of 180 mg/l (maximum 30—da§ '
concentration), which would require a lesser level of flow regulation

represented by an average ''summer' flow of 2,605 cfs.

The DRBC is currently (1982) awaiting the final recommendations of the decree
parties, after which proposal% to incorporate salinity-céntrol and flow
objectives in the DRBC's Comp%ehensive Plan will be subjected to public review
and hearing, and if acceptable to the Commission, these objectives (or some
modification of them) could become amendments to the ComprehensiQe Plan. It

is anticipated that this process will be completed in 1983.

ESTUARINE ECOSYSTEM CONSIDERATION

Previous sections of the rgpoft have indicated the importance of the period
between May and August to the%estuarine ecosystem. Furthermore, variations in
salinity from year to year_éan cause problems to the ecosystem, particularly
during extended dry periods when the avaiiable flow is not sufficient to meet

all estuarine needs.

Current Delaware River reservoir operations attempt to store water during high
winter and spring runoff periods for subsequent release during low flow
periods. Approximately nine percent of the Basin drainage area is controlled

by major water supply reservoirs. Normal operating procedures vary with each

reservoir, but when necessary, filling tends to reduce streamflows prior to
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spring. Consequently, the estimated amount of late spring freshwater flow
reduction that is anticipated by year 2000 (even under wbrst case conditions)
would change the flow at Trenton by only a few percent. This is well within
the level of natural variation and should not cause a noticeable change in

estuary aduétic productivity.

Estuary management by DRBC is designed to repel salinity intrusion at an upper
estuary station during periods when undesirably high concentrations would
otherwise occur. When flow is regulated during the law-flow months (June
through November), there would be a tendency to lower salinities over the
oyster beds (RM 24.2 to 48.5) and elsewhere in the lower estuary. The
beneficial effect of the fesulting improved oyster predator éontrol would be
partially offset by the decreased levels of freshwater flow during the pre-
ceding months as compared to unregulated flows. While not as measurable,

similar results would generally occur for other aquatic species.

A quantitative evaluation of the net effects on the aquatic population that
could result from various flow objectives and flow levels considered by DRBC
cannot be made. Estuarine productivity involves many factors, of which
salinity is only one. Each specific flow objective does relate to relative
levels of estuary salinity, either lower or higher, depending on the season;
thege levels can be qualitatively addressed. Selection of a plan with a
Trenton flow objective in the range from 2,605 cfs to 3,072 cfs would reduce
the summer freshwater flow objective at Trenton as compared to the flow
required to meet the existing standard for salinity control. However, the
future conservation management plan, particularly that proposed for drought
and drought-warningvconditions, would partially compensate for.the reduced
level of flow at Trenton. The effect of regulating the estuary under one of
the cited Level-B plans would tend to produce for an overall shift of the

aquatic ecology toward more salinity tolerant (marine) species in the
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estuary. Such a shift would dffect many of the species on which man has

Placed a high value, including commercial species.

Computer simulations performed by DRBC indicated that a recurrence of the
1960's drought of record with%year 2000 projected level of unrestricted human
water consumption and a rising sea level of 3.7 milliméters per year would
cause an average salinity increase of less than 0.20 ppt during a 120-day
(summer) period at RM 49 (uppér limit of the oyster beds) over that occurring
in 1965. This change is equiéalent to about a three percent increase in

salinity over that observed. For comparison, the difference between salinity

values between drought and normal years is about 4.5 ppt.

With the river unable to provide sufficient water for unrestricted human use
under drought conditions, the amount of water allowed for human use during

this period must be contrqlled. The Delaware River Basin Commission is
expected td require that water consumers restrict their withdrawals during
future drought periods in order to limit salinity intrusion. Such restrictions

were put into effect during the recent drought of the early 1980's.

An unanswered question concerns the potential indirect effect of freshwater
flow regulation on salinity—rélated residual currents in the lower estuary.

It has been reported that these currents aid in the transport of fish eggs,
larvae and for some species in juvenile forms, up the estuary to optimal
nursery areas. If these residual currents were disrupted, many valuable
recreational and commercial species, (including blue crab, weakfish, striped
bass, Atlantic menhaden, bay anhovy (forage), and spot (forage)) could be
adversely affected. Residual' currents are known to be influenced by
freshwater flow3 salinity gr%dients, the Coriolis force, wind, geometry of the -
estuary and possibly other pﬁesently unknown factors. The relative
contribution of each of thesé facfors to the total residual current is unknown
at this time. However, among the known factors affecting residugl currents,
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only the freshwater flow into the estuary and, indirectly, the salinity
gradients are subject to change by streamflow regulation; the Coriolis force,
wind, and estuarine geometry would be unaffected. We can deduce that as long
as the level of freshwater flow is not reduced below that observed in the
1960's dfought and that is the goal of DRBC, then this transport mechanism

will not be seriously jeopardized.

In summary, while the fish and wildlife objectives have not been specifically
defined, the potential salinity and flow objectiQes associated with the
alternative Level-B plans reasonably considered the effects of salinity on the

ecological system in determining the overall needs of the estuary.

DEVELOPMENT OF THE BASIN PLAN

DROUGHT AND NORMAL CONDITIONS

The parties to the 1954 Supreme Court decree have tentatively prépoéed that
for purposes of operations for salinity control and water conservation the
hydrologic conditions of the basin be defined by the "rule curve" shown in
Figure 11. The rule curve defines non-drought (normal), drought-warning, and
drought conditions in terms of the total water storage at any given time of
the year in New York City's Delaware River Basin reservoirs (Pepacton,
Cannonsville, and Neversink), which account for about 90 percent of the
Basin's eﬁtire active long-term storage capacity for water. Flow objectives
at Montague and Trenton would vary seasonally and with storage and the

location of the 250-mg/l chloride concentration in the Delaware estuary.

RECENT DROUGHT

For the first time since the drought of the 1960's, the Delaware River Basin

Commission declared a water-supply emergency on 15 January 1981. This
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declaration ordered a mandatory ban on nonessential uses of water throughout

. the region. This action proved to be necessary as the amount of rainfall
experienced in the Delaware River Basin dropped sharply in July-September
1980. As a consequence, surface and groundwater supplies were dep}eted,
particulafly in the northern part of the Delaware Basin. The water storage in
the three New York City water supply reservoirs in the upper Basin fell to 41
percent of their total combined capacity by early October, causing DRBC to
declare a drought warning (October 17, 1980). 1In late November and early
December, the capacity of the NYC reservoirs decreased further to about 30

percent, ultimately causing DRBC to declare a drought emergency.

Following the emergency declaration, the Delaware River Basin remained in a
drought (fluctuating from relatively severe to relatively mild) for many
months. Watef supp1y>storage in the three New York City reservoirs increased
substantially during the first three months of 1982,4eventually reéching
normal storage levels. Consequently, the drought emergency status was lifted

by DRBC on 27 April 1982.
SUMMARY AND CONCLUSIONS

The Cctﬁs' analysis served to meet the probability goal (goal (A)) of the
study.4 Salinity—cost relationships were developed for ail direct water users
of the Delaware estuary. The previously developed model of the Delaware
estuary (MIT-TSIM) was modified as part of this stqdy to reflect more
accurately the interaction of the Delaware estuary and the Chesapeake and
Delaware Canal. This model, identified as Branched MiTjTSIM, was used to
simulate long-term salinity concentrations incorporating the post—enlargement

condition of the Chesapeake and Delaware Canal. The long-term salinity

68



concentrations'provided the continuous data needed to determine the
pProbabilities of salinity levels in the estuary and served as input for the
economic (ECOSALT) model. Thét model was developed as part of this study and
was used to de;ermine average;annual salinity-related costs to estuarine water

users.

The development of average annual costs to direct withdrawal users of water
from thé Delaware estuary constitutes a step in the formulation of judicious
water resource management policies for the estuary. The economic model can
analyze the potential of various plans for salinity-related costs to estuarine
water users. Thus, the economic impacts of existing and future diversions,
consumptive uses, and flow regulation on these users can be evaluatedﬂ Using
the simulated long-term sali&ity concentrations, probabilities of various

salinity levels were determined.

The range of possible impacts of salinity variation on the fish and wildlife

resources was also presented.

The quantity goal (goal (B)) was met by the DRBC's Level B Study in
conjunction with input provided by this study. The Level B Study coﬁpleted in
May 1981, identified variousiélternative flow objectives for the Delaware
River at Trenton for protection of water users along the Deiaware estuary.
These objectives were based on controlling the invasion of salinity as
measured by the maximum 30~déy average chloride concentration at River Mile
98. Since completion of the Level B Study, the parties to the 1954 decree of
the U.S. Supreme Court have made tentative recommendations for salinity and

flow objectives that are within the range of those considered by the Level B

report. These recommendations have been presented to the public for review
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and comment, after which the decree parties expect to make final
recommendations to the DRBC. From these recbmmendations, the DRBC staff will
prepare formal preliminary proposals to amend the Comprehensive Plan to
include new objectives for salinity and corresponding salinity-control flows.
These staff proposals will then be subjected to public hearing and review.
After this review, staff analysis of public viewpoints may lead to
modifications of the preliminary proposals for Comprehensi#e Plan amendments.
The finai staff proposals would then be submitted to the five Commission
members for decision by majority vote. The Commissioners themselves may
further modify the staff proposals before deciding what salinity and flow

objectives to adopt.

RECOMMENDATION

No recommendations are made for Federal projects. However, the technical data
developed as part of this studf served as a valuable aid and guide to Delaware
River Basin Commission's efforts in establishing revised salinity-control
objectives to protect tﬁe water users of the Delaware estuary; The salinity
objectives are designed to protect municipal and industrial water supplies,
including the Potomac-Raritan-Magothy aquifer systém in the Camden, NJ, area,

and estuarine fisheries.

This report will be distributed to agencies that have an interest in the

development and management of water resources in the Delaware Basin.
It is recommended that this report be approved as the final report.

o A7

ROGER L. BALDWIN
Lieutenant Colonel, Corps of Engineers
Commanding
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APPENDIX I

TECHNICAL STUDIES

INTRODUCTION

This appendix dicusses the technical studies that were undertaken to determine

salinity-related costs to direct water users of the Delaware estuary. Results

of previous and current investigations are presented. Also, descriptioms of
the methodologies, assumptions, and procedures used in conducting prior and
current investigations are presented. Individual reports that are the basis

for this appendix are on file in the Philadelphia District office.
PRIOR STUDIES

TRANS IENT SALINITY INTRUSION MODEL (MIT-TSI)

o BACKGROUND AND DESCRIPTION OF MODEL. As the 1960's drought ended, the
Delaware River Basin Commission (DRBC) urged_studies to define the relation-
ship between the river flow and salinity in the Delaware estuary. In 1972,
Drs. M.L. Thatcher and D.R.F. Harleman, then of Massachusetts Institute of
Technology (MIT), with the support of the Office of Sea Grant of the
National Oceanic and Atmosphere Administration, developed a Transiént
Salinity Intrusion Mathematical Model for the Delaware estuary. This model
gnd its subsequent modifications became the basis for numerous analyses of

salinity intrusion in the Delaware estuary as discussed below.

The Delaware estuary, shown in Figures 1-1 and 1-2, is defined as the body
of water bounded by the Atlantic Ocean (a line between Cape Henlopen in
Delaware and Cape May in New Jersey) and the rapids at Trenton, NJ. The
primary iﬁflow tributaries are shown in Figure 1-1; data statioms are shown
in Figure 1-2. There is a sea-level connection to upper Chesapeake Bay

through the Chesapeake and Delaware (C&D) Canal.
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The general characteristics of the tidal river are that it is well-mixed
(i.e. there is little diffegence between the salinities at the bottom and
those at the surface), with Elow beingbprimarily tidal. Delaware Bay, which
forms the seaward 48-mile reach of the estuary below Liston Point, is
moderately stratified vertidélly during periods of high freshwater runoff,
but becomes vertically weli‘mixed during periods of low runoff. The mean
tidal range of 4.1 feet at the ocean boundary increases in the upstream

direction to approximately 6.8 feet at Trenton NJ.

The original Transient Salinity Intrusion Model, identified as MIT-TSI by
its developers, is a one-di@ensional, deterministic (i.e. it performs a
numerical solution to physi?al equations governing the motion of water and
the transport of chlorides vithin the Delaware estuary), longitudinal

variable-area model of unsteady tidal hydrodynamics and salinity. This
f -
model numerically solves the continuity and longitudinal momentum equations

and is linked to the salt balance equation through a relationship between

salinity and density.

The original model was calibrated using data from the Corps of Engineers’
Waterways_Expefiment Station salinity flume and verified with field data
from the Delaware, Hudson, and Potomac estuaries. The model has the
capability to predict the seasonal variation of salinity distribution as a
function of longitudinal distance in the Delaware River under transient

conditions of freshwater inflow and ocean tidal elevationms.

e MEASUREMENT OF SALINITY. One unit of measurement of salinity is
milligrams per liter (mg/l1), which represents the total weight of dissolved

solids in one liter of water sample. Salinity can also be measured in
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parts per thousand (ppt) and parts per million (ppm). The ppt units can be
converted to ppm units, which are equivalent to concentrations in mg/1l for

most engirieering purposes.

Salinity, which corresponds roughly to Total Dissolved Solids (TDS), can be
expressed as Chlorides (Cl). Delaware estuary relationships between
Chlorides and Total Dissolved Solids developed by Keightdn were used in this

study and are expressed as follows:

Cl Range (mg/1) DS (mg/1)
0-20 8.25 Cl
20-120 2.41 C1 + 118
120~2,000 1.90 C1 + 180
2,000-19,000 1.80 C1 + 380

Discussions pertaining to "salinity"” in the following paragraphs correspond

to salinity measured by TDS.

MODIFIED SALINITY INTRUSTION MODEL (MIT-TSIM)

e NEED FOR MODEL. 1In 1977, DRBC indica;ed the need for a tool to account
for the long-term effects of reservoir bperations and of consumptive
freshwater withdrawals on the salinity distribution in the Delaware

estuéry. Earlier investigators had attempted to determine the relationship
- between freshwater inflows and chlorinity through use of empirical
reiationships to define salinity as a function of the observed f}ow'at
Trenton. Although such empirical models are u#ually able to describe the
observed conditions with fair accuracy, they cannot predict the long-term
effects of year-round changes in flows or other salinity-controlling factors
resulting from reservoir operations, increased diversions or deplétive uses

of water from the Delaware River Basin, or long-term change in sea level.
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o MODIFICATION. As a result of the stated need, DRBC contracted with

Drs. Thatcher and Harleman to improve the original model developed in 1972.

The MIT-TSI Model in its original form was a useful and tested tool for
predictiﬁg salinity intrusi&n. Nevertheless, the original model required
modification, to calculate éor a period of one or more water years,
time-varying salinity distrfbution caused by natural and man-made

conditions. For this long-term application, the following modifications

were made:

a. In order to ﬁandle‘large volumes of input datavand provide for more
precise accounting of oceankand tributary boundary conditions, special
purpose data handling compuﬁer programs were written.

b. Whereas the originai model assumed that tributary inflows were of

!
zero salinity, the modified‘model provided for specification of inflow
salinity and tributary inflcj)w. These modifications more accurately defined ‘
mass balance and éermitted étudies of consumptive withdrawal (freshwater)
and incorporation of the Chesapeake and Delaware Canal as an inflow
t;ibutary with seasonal variation.

¢. Whereas the origina} model assumed a tidal period of constant
duration, -a more precise spécification of varying tidal period was
developed. This specificat%on enabled the user to specify an observed
high and low tide time series as the hydraulic ocean boundary condition.

d. The location of as &any as five user specified isochlors was

|
provided for in the calculation.
- . . | . . .
e. The density in the momentum equation was more precisely defined as a
‘ .
function of both salinity (chlorinity) and temperature, (one average

temperature being estimated for the entire estuary). In this manner, the

model accounted for the seasonal variations of temperature.
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The modified model was referred to as MIT-TSIM.

e CALIBRATION AND VERFICATION. The modified model was run for a low flow
water yvear (1 October 1964 — 30 September 1965) or a total of 704 tidal

cycles. 'The calculations proceeded at a time step of approximately three
minutes over the entire year, or a total of about 176,000 time steps. The
model was calibrated over a quarter—year period and verified over a
three—-quarter &ear period. The model results were compared with chlorides
determined from specific conductance values observed at United Sﬁates

Geological Survey (USGS) quality observation stations.

o CONCLUSIO&S. The final calibration and verification was successful, even
though ignoring the Chesapeake and Delaware Canal for water-year 1965. One
cannot conclude, howéver, that the cangl's effect would be negligible,
particularly since the cross-section of the canal was enlarged after 1965.
Consequently, the MIT-TSIM Model cannot be used to predict the effects of
the C&D Canal. Also, local wind effects were not accounted for in the model
runs. Although wind effects afe generally short-term, they occasionally
persist for severai days. Despite these limitatioms, the modified model is
a valuable tool for simulatioﬁ studies designed to compare the éstuarine

respoﬁse to different projected conditions of upstream flow regulation.

CHESAPEAKE AND DELAWARE CANAL EFFECTS ON SALINITY OF DELAWARE ESTUARY

Since the modified Transieﬁt,Salinity'Int:usiOn Model (MIT-TSIM) did not
predict the effects of the C&D Canal on salinity and tidal conditions in the
Delaware estuary, the DRBC contracted once again with Drs. Thatcher and
Harleman along with Dr. T.0. Najarian to incofporate the C&D Canal as a
tidal branch of the Delaware system into the modified MIT-TSIM Model,. or

into any other model.



e BACKGROUND. The C&D Canal is a man-made waterway connecting Chesapeake
Bay with Delaware Bay. The canal extends over a distance of 17.5 miles from
ﬁeedy Point, DE, on the Deléware estuary to Welch Point, MD, on the Elk
River, a tribﬁtary of Chesaéeake'Béy. Figure 1-3 shows the sea-level canal,
which was originally designéd to accomodate ship traffic of moderate size.

A significant enlargement of the canal was constructed between 1963-1975 to
aqcomodate larger ship traffic. The enlargement consisted of deepening the
canal from 27 to 35 feet (below mean low water) and widening the bottom

width from 250 to 450 feet. The channel cross section is trapezoidal with

side slopes of 2:1 (horizontal:vertical).

e HYDRODYNAMICS. The flow in the canal is controlled by the Delaware
estuary tide height at its eastern boundary, with a mean ﬁide range of 5.5
feet, and by the Cheéapeake%Bay tide height at its western boundary, with a
mean tidal range of 2.2 fee%. The Delaware system is funnel shaped,
narrowing from a wide mouthito a relatively narrow section at the junction
with the canal at Reedy Poi;t, about 50 nautical miles from the bay
entrance. The Chesapeake s&stem is much larger, épproximately 150 nautical

miles from the entrance Capes to the mouth of the Elk River, with an

irregular width and relatively shallower depths.

As a result of the physical differences, tides at both ends of the canal are
approximately 10 hours out ?f phase. A high water entering Delaware Bay at
the juncture with the oceanﬁrequires about 4 to 5 hours to reach Reedy
Point. The same ocean higﬂ water entering Chesapeake Bay requires about 14
to 15 hours to reach COurthbuse Point near the western end of the canal.

The direction of flow throqgh the canal changes in accordance witb tidal
amplitude and phase and water densities (i.e., salinities) at the two ends

of the canal.
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Salinities in the Elg River can vary from zero.(freshwaker) to 9.0 ppt

during the year, with an average of about 1.3 ppt. Average salinities in
the Delaware River channel in the vicinity of the eastern end of the canal
véry between 1.0 ppt and 8.0 ppt during high and low flow periods, with an

average of about 5.0 ppt.

To assess the impact of the flows in the C&D Canal on the salinity distribu-
tion in the Delaware estuary, the invéstigators tfied two approaches. First,
the Delaware estuary and the C&D Canal were analyzed as reaches bf a network
system, and second, the C&D was treated as a tributary that delivérs or
withdraws net non-tidal flow into or out of the Delaware estuary. To conduct
this investigation two separate mathematical models, the MIT~Dynémic Network

Model (MIT-DNM) and the MIT-TSIM were used.

.0 APPLICATION OF MIT-DYNAMIC NETWORK MODEL. The MIf Dynamic Network Model
was used to determine the salinity distribution in the Delaware estuary when
its hydrodynamics are coupled to the tidal flows in the C&D Canal. This
one-dimensional model was developed in 1972 by Daily and Harleman and is
designed to predict temperature, biochemical-oxygen demand, and dissolved

oxygen, in addition to salinity.

The model was applied utilizing a network comsisting of three reaches. The
first reach is from the canal confluence with the Delaware (at Reedy Point)
to the ocean, the second reach is the C&D Canal itself, and the third is the
Delaware estuary from Trenton downstream to the canal (see Figure 1-4). Two
approaches were taken to compare the ensuing salinity distributions in-fhe
Delaware estuary. First, the network was iﬁvestigated as a three reach

system in which the C&D Canal was assumed as a separate reach, and second,
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the network was investigated as a two-reach system with the C&D Canal being
ignored. Simulation runs were conducted for the period of available
boundary data in the C&D Canal. The most complete set of data was gathered
by the Chesapeake Bay Institute during April and May 1975. The data
consisted of two-dimensional current measurements at two stations within the
canal for a period of one month, and measurements of specific condu;ténce at
various stations during the daylight hours from 5-8 May in 1975. The period

1-8 May was selected for model simulationms.

e SIMULATION RESULTS. Utilizing the model, and allowing a variable C&D
Canal net flow governed by the tidal elevations at either end of the canal,
runs with and without the C&D Canal for the 1-8 May 1975'peri§d indicated a
salinity increase of almost 2.0 épt for a station 5.8 miles aownstream of

the canal when the C&D was considered. The hydrodynamics of the Delaware
system was not appreciably affected by the canal. Little difference in
tidal discharges in the Delaware estuary was computed with and without the

influence of the canal.

e APPLICATION OF MIT-TSIM MODEL. The application of the 1978 MIT-TSIM Model
requires that the C&D Canal be treated as a tributéry with either a net
infiow with a prescribed salinity for each tidal perio& or as a net outflow
for each tidal period. This investigation attempted to sensitize the
potential variaﬁion of salinity distribution in the Delaware estuary when
canal flows were ignored as opposed to being approximated by a net-flow

assumption, particularly during extreme flow and salt-boundary conditions.

To generate a set of extreme flow conditions in the canal, non-tidal flows

computed by the Chesapeake Bay Institute were used. The range of non-tidal
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flows was taken as the mean observed flow plus or minus one standard
deviation (14,827 cfs). Thgs, the net non—tidal flows considered were
(2,450 + 14,827) cfs eastward and (2,450 - 14,827) cfs wes;ward. Positive
flows indicaée eastward non—tidal discharge (from the Chesapeake Bay to the
Delaware eétuary). Salinity concentrations of the flows must be specified
when they are eastward. Tw§ extreme conditions were assumed: (1) zero

i
salinity in the eastward fle, s = 0 ppt; and (2) high salinity in the
eastward fldw, s = 10.0 ppt. No salinity specification is required when the
flow in the canal is westw@rd, since, in those cases, it 1s assumed that the

canal acts as an outlet thaﬁ removes water of the same salt concentration as

in the Delaware estuary at its confluence with the canal.

e SIMULATION RESULTS. Theveffect of the C&D Canal on the Delaware salinity
at the end of five days inﬁthe vicinity of Reedy Point for various conditionms
is shown in Figures 1-5, 116, and 1~7. These curves show the trend for

. |
reduced salinity.in the estuary when the canal flows are eastward (Figures
1-5 and 1-6). Figure 1-7 %hows the trend for increased salinity when the
canal flows are westward. :The curves of Figure 1-5 show that the maximum
and minimum salinities in the estuary in the vicinity of Reedy Point are
reduced b& about 4 ppt (30 percent reduction of maximum salinities and 40
percent reduction of minimum salinities) with easterly canal flows of zero
salinity (freshwater) compared to the '"no canal flow" simulation. Figure
1-6 shows that increasing the C&D Canal salinity specification to an extreme

of 10 ppt results in much $maller reductions of Delaware estuary salinities

compared to those exhibiteq in Figure 1-5. Figure 1-7 reveals that, for the -

condition tested, the westward canal flow increased the Delaware estuary
salinity by about 3 ppt in the vicinity of Reedy Point (38 percent increase
in the minimum salinity and 30 percent increase in the maximum salinity)

compared to the 'no canal flow'" simulation.
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o CONCLUSIONS. The exercise of the two types of modelerevéaled interesting

features of the system under consideration. The MIT-DNM Model showed that
the canal has little effect on the tidal hydraulics of the Delaware

estuary. Salt-concentrationh simulations, however, indicated a marked effect

of the canal on the estuary, at leastbin the vicinity of Reedy Point. Due

to the lack of real-time data, it was not possible to run the model for

extended periods to fully demonstrate the effect of the canal along the

entire longitudinal axis of the Delaware estuary.

The sensitivity analyses conducted with the MIT-TSIM Model, with different
tidally averaged flow and s?linity conditions specified for the camal,
revealed that the largest sélinity variation occurred when the flow in the
canal is persistently westward when averaged over a period of 10 or more
tidal cylces. An increase pf 1.8 ppt in salinity, averaged over a tidal
cycle, was obtained at a sﬁation 6.8 miles upstream of Reedy Point, under

this flow condition in the canal.

CURRENT STUDIES

One of the objectives of this study was to determine salinity-related costs
to users of water taken directly from the Delaware estuary. In order to

meet this objective the following information is needed:

a. Long—term freshwater inflows into the Delaware estuary.

b. Salinity concentrations throughout the estuary over a relatively
long-term period.

c¢. Chesapeake and Delaware Canal impacts on Delaware estuary
salinity distribution.

d. Salinity-cost relationships for direct water users.
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FRESHWATER INFLOWS

Salinity movements in the estu;ry are dependent on the prior variation of
daily flows and £oundary conditions during an antecedent period of many
months. It is necessary to know fresﬁwater inflows for an extended period
of time to predict the salinity levels at given locations in the estuary. A
flow-simulation model was previously developed under authorization provided
by Section 22 of Public Law 93-25. The Section 22 study detemmined
freshwater flqws in the Delaware River Basin for a 50 year period reflecting
regulation of the Upper Delaware River Basin by the New York.City Reservoirs
operating under a 1954 Supreme Court Decree. Only the New York City
Reservoirs were included in ﬁhis analysis, since these are water supply
reservoirs that affect the daily flows in the upper Delaware River Basin.
The effects of other reservoirs (such as the existing flood control
reservoirs in the lower Basin) on the daily flows are not significaﬁt and

were not included in the Section 22 simulations.

SALINITY CONCENTRATIONS

To determine the salinity concentratioms, it was originally envisioned that
the MIT-TSIM Model could be employed to simulate salinity data for the
50-year period using the daily flow data developed as part of the Section 22
study. This would provide the base period of éalinity data needed for
calculation of average annual salinity costs to direct users of water from
the estuary. However, as mentioned previously, this model did not account
for the wind effects (except as reflected by ocean tides observed at the
mouth of Delaware Bay)'and long-term effects of the Chesapeake and Delaware
Canal on the salinity distfibution in the Delaware estuary. To address
these problems, this study performed the following additional analyses and

refinements.
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WIND EFFECTS

The wind analysis entailed a quantitative evaluation of the effects of local .
wind on the salinity concentration in the Delaware estuary and a determina-
tion of whethér such effecté should be included in the long-term

(50-year) simulatioms. The%MIT-TSIM Model (as developed for the DRBC.by
Thatcher and Harlemen in 19?8) was used to determine potential impacts of
wind. The wind stress calcélation in the model was corrected and
validated. Next, a four-moﬁth run was made using July-October 1979
conditions and the daily wind direction and velocity as recorded at
Philadelphia. Comparisons were made with and without the wind effects on
chloride concentrations at six stations in the Delaware estuary. The
results of the analysis indicated that local wind effects play an
insignificant role in long-ferm salinity predictions in the Delaware
estuary, with a maximum ch}érinity difference of only two percent. The

largest response occurs when a significant wind stress component is aligned
: i

.along the axi§ of the Delaware Bay. However, the overall wind response of
the Delaware estuary was primarily due to tidai elevation changes at the
ocean boundary, which reflect the effect of wind stress on the waters over
the continental shelf. The model utilized observed tidal elevations at the
ocean boundary (Lewes, DE),iwhich included the effects of these oéean
winds. Based on these find&ngs,‘the local wind effects on salt intrusion

were not incorporated in the long-term simulationms.

CHESAPEAKE AND DELAWARE CANAL EFFECTS INVESTIGATION

An investigation was initiated during this study to determine the impact of
flows in the Chesapeake and Delaware Canal on the salt intrusion in the

Delaware estuary over a relatively long period of time, in order to establish .
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whether it was necessary to incorporate the canal's effects in future runs
of the Transient Salinity Intrusion Model (MIT-TSIM). Prior studies ha&
revealed that the C&D Canal flows do indeed influence4;he concentration and .
distribution of salinities in the Delaware over a shoft period of time. In

order to determine these impacts the following simulation was made.

e FOUR MONTH SIMULATION OF CANAL FLOWS. The longest available period of
synoptic (same-time) tidal data in the Chesapeake and Delaware Canal and
Delaware estuary covers the four-month period from July through October
1979, and these data were used to test the impact of the canal. The
MIT-TSIM Model was run for the July-October 1979 period to establish a base

condition (without the canal).

The next stage of the analysis was to include the July-October 1979 real-time
C&D flows (and salinities) in the MIT~TSIM Model and compare the results with
the previous run that ignored the canal flows. As indicated previously, the
application of the MIT-TSIM Model to the Delaware estuary requires that the
C&D Canal be treated as a tributary with either a net inflow at a prescribed
salinity for each tidal period or as a net outflow for each tidal period.
Thus{ salt concentrations are only specified when flows‘in the canal are
eastward. No salinity specification is needed when the flow in the canal is
westward, since in this situation the canal acts as an outlet that removes

water of the same salt concentration as that existing in the Delware estuary.

To simulate the real-time flows in the C&D Canal for the specified period,
J. R. Hunter's one dimensional hydraulic model, adapted to the C&D Canal
system by Rives and Pritchard, was used. It is a dynamic and numerical
mathematicalkmodel that can determine flow flux in the canal. By specifying
the tidal elevations in the canal, the model can calculate the quantity and

direction of flow.
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Since the flows in the canaﬂ are dependent on the tidal elevation gradient
between the canal boundéries; it is necessary that the tide data at the
gages be as accurate as tecﬂnically possible. Due to the high sensitivity
of canal flowé to minor chanées in elevation, it became apparent that the
accuracy of the originally &eveloped gage datums would have to be checked
and possibly refined. A fiﬁst-order leveling survey was performed during
the summer and fall of 1979;along the C&D Canal between Reedy Point, DE, and
Town foint, MD, to insure tﬁe required accu;acy. The survey used the
Chespeake City tide gage as;the base and tied all other bench marks and

i
gages 1lato the net. The otﬁer gages involved were those at Town Point, St.
Georges, and Reedy Point. All tidal data used in the simulations involving
the C&D were adjusted to the new datum. )
Tide elevations calculated with Hunter's model were close to observed valueg
in the.C&D Canal at Cheseapeake City and St. Georges. The verified model
generated continuous flows at Reedy Point, representing volume fluxes into
and out of the Delaware estuary through the C&D Canal. The real-time flows
were incorporated as a tributary input to the calibrated and verified
MIT-TSIM Model. The continhous flows were time-averaged over each tidal
cycle to ébtain a table of inflows and outflows at'Reedy Point. For the
period of July-October 1974, flows as high as 81,700 cfs eastward and 50,800
cfs westward, averaged over a tidal cycle, were computed. The long-term

four month average was computed to be 6,960 cfs eastward.

e SALINITY CONCENTRATIONS. In addition to the input of flow through the C&D
Canal, a salinity concentration for the western boundary had ;o be épecified
when the flow was eastward. The available salinity record for the Elk River
at Town Point was neither synoptic nor continuous for the four-month period
of interest. From study of available data, it was determined that a
realistic range of salinities at Town Point could be from 0.1 ppt to 8.0
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pPpt. A constant value of 8.0 ppt of salinity was assigned with eastward net
flows for the éensitivity analysis. The relatively high value of salinity
was used to demonstrate the maximum potential salinity impact on the
Delawafe estuary. Estuary inflows, tidal elevations, temperatures, and
densities, all of which were required for input to the MIT-TSIM, were

obtained from various sources for the selected period.

e RESULTS. The profiles shown in Figure 1-8 illustrate the'cumulative
effect of the specified C&D inflows at the end of the period of simulation
(October 31, 1979). 1In the vicinity of the confluence with the canal (River
Mile 58.9) and upstream to about River Mile 80 an increase in total
dissolved solids concentration resulted. Downstream, about 250,000 feet
from the ocean boundary, (River Mile 47), the concentration has been reduced
by the addition of C&D waters. Concentrations within about 0.1 mile
upstream of the canal increased by a maximum of 55 percent. Downstream of

the canal, the concentration decreased by as much as 3.5 percent.

SENSITIVITY OF SALT INTRUSION IN THE DELAWARE ESTUARY TO DIFFERENT HYDROLOGIC
CONDITIONS UNDER THE INFLUENCE OF C&D CANAL FLOWS

In addition to the analyéis of the base period of Jﬁly-October 1979, a
sensitivity analysis was conducted to determine the canal's impact on the

salt intrusion in the Delaware estuary under various hydrologic conditions in-
the Delaware River Basin. Three ﬁeriods were selected for an#lysis:
July—-October 1965, 1970, and 1975, representing low, medium, and high
freshwater flow conditions, respectively, in the Delaware River. In these
three comparative analyses, it was assumed that simulaﬁed canal flows and
salinities of July-October 1979 prevailed. This approach was adopted due to

the lack of hydrologic and salinity data in the C&D Canal for these three
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years. The sensitivity analysis focused on the response of the Delaware

estuary salinity distributions to net eastward canal flows.

@ ANALYSIS UNDER DROUGHT CONDITION:. JULY-OCTOBER 1965. Water—year 1965 was
the mos; severe drought of record for the Delaware River’Basin. Under these
low freshwater inflow conditions, the salinity frént in the Delaware estﬁary
was near its most inland observed position. During the summer months in
1965; maximum daily salinities of about 14 ppt were observed at Reedy Island
Jetty, which is five miles downstream of the confluence of the C&D Canal with
the Delaware. As stated previously, the estimated long-term (four-mongh)
average canal flow was eastward at 6,960 cfs. The éasterly flows were
assigned a salinity of 8.0 ppt. Under these conditions canal flows had a

salinity decreasing impact on the salt intrusion on the Delaware, as they

reduced chloride concentrations throughout the en;ire length of the estuary.
Figure 1;9 shows profiles of the final tidal-day average TDS concentrations
along the entire length of the Delaw;re estuary with and without the canal
effects. It can be seen that the effects of four months‘of 8.0 ppt canal
flows on the TDS concentrations in the Delaware are felt essenﬁially from the
ocean boundary to a point about 95 statute miles (500,000 feet) inland in the
estuary. The maximum percentage decrease in concentration (29 percent)

occurred at distance of 241,000 feet from the Capes (River Mile 45.6).

e ANALYSIS UNDER MEDIUM FLOW CONDITION; JULY-OCTOBER 1970; Simulations
described in the previous section were repeated using the freshwater inflow
and tidal boundary conditions that prevailed during July-October 1970.
(Again, C&D Canal conditions were assumed to be as determined for July-
October 1979). Hydrologically, water year 1970 is considered a medium

freshwater year in the Delaware River Basin. Daily maximum salinity
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concentration at Reedy Island Jetty varied from 5.5 ppt to 11.2 ppt during
this period. With 8.0 ppt salinities assigned to eastward canal flows, it

was anticipated that canal flows would have both salinity increasing and

salinity decreasing effects on the Delaware, depending on the time and the

location of the station being investigated.

Figure 1-10 shows the profiles of the final tidal-day average TDS
concentrations along the entire length of the Delaware estuary. The figure
indicates that the canal flows reduce the TDS concentrations in the Delaware
reaches downstream of Reedy Island Jetty. Above Reedy Point, there appears
to be no discernible impact. A maximum percentage reduction in
concentration of 15 percent occurred at a location 180,000 feet above the

Capes (River Mile 34.1).

e ANALYSIS UNDER HIGH FLOW CONDITION: JULY-OCTOBER 1975. Water year 1975
was one of the wettest years in the period.of record for the Delware River
Basin. During this year, the salinity profile had receded to a point near
its most seaward observed position, except for rare storm conditions. 4In,
fact, average salinities at Ship John Shoal, which is in the upper part of
the bay, were less than 11.0 ppt for the selected.period of study, July-
October 1975. Further upstream at Reedy Island Jetty, maximum daily
salinities of less than 7.0 ppt were observed for the same period. Thus, it
was anticipated that canal flows of the summer of 1979 with dominantly
eastward direction and 8.0 ppt salinities would reduce salt concentrations

the most in the middle reaches of the Delaware estuary.

Figure 1-11 shows that although canal flows help to reduce TDS concentrations

in the lower reaches of the estuary, the concentrations are increased above
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River Mile 47.2, 249,000 feet from the ocean boundary. This impact
diminishes to zero at a point about 390,000 feet from the ocean (River Mile

73.9). The maximum increase in salinity (from .6 to 1.9‘ppt), occurs at

River Mile 58.7.

o CONCLUSIONS. The comparétive analysis under different hydrologic condi-
tions showed that C&D Canal flows influence the salinity distribution in the
' Delaware estuary. The anaIYSis also révealed that such effects could be
neglible, positive, or negative depending upon the location of interest, the
prevailing hydrologic conditions, and flows in the canal. However,
limitations of the approach adopted in the analyses should be fully
realized. The simulations ?erformed for July-October 1965, 1970, and 1975
do not represent actual prototype conditions, but rather conditions assumed
for sensitivity analyses. The results of the sensitivity analyses indicated
that the C&D Canal should b? included in the calculations for the long-term
analysis of salinity intrusion in the Delaware estuary for purposes of
economic analysis of salinity effects on water users. Also, the analyses
revealed that certain assumptions needed fufther refinement in performing

future simulatioms.

MIT-TSTM ADAPTATION TO INCLUDE THE CHESAPEAKE AND DELAWARE CANAL

As a result of the above findings, this study adapted the single-stem
MIT-TSIM Model to imncorporate the C&D Canal as a dynamically-coupled single
tidal.branch. Previously, the C&D Canal flows were represented by
tidally-averaged net flows to and from the Delaware estuary. In the present
analysis the representatiog of the C&D Canal has been freed from the
net-flow assumption and the dyn;mic interaction of the canal with the

Delaware estuary is modelled.
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e BOUNDARY CONMDITIONS. The boundary for the model was modified to include a
tidal boundary for the C&D Canal at the western end at Town Point, Maryland,
on the Elk River. The boundaries for the Delaware estuary remained
unchangéd. The model reFained the flow boundary at fhe head of tide in the
Delaware estuary at Trenton, New Jersey, and the tidal boupdary at the
entrance to Delaware Bay at Lewes, Delaware. Figure 1-12 shows the model
schematization of the system made up of the Delaware estuary and the C&D

Canal. The confluence at Reedy Point, Delaware, constitutes an internal

point where no hydraulic or salinity specifications are necessary.

e HYDRAULIC EQUATIONS. For the hydrodynamic computations, at the junction of
the branch and the main stem, two conditions provide the basis for coupling
the single-stem model and the branch. These are: (a) the conservatioﬁ of
mass; and (b) the identity of the kinematic surface elevation. The original
explicit finite;difference equations of MIT-TSI were effectively coupled

using these two conditions.

¢ SALINITY EQUATIONS. The salinity equations for the coupled system are
formulated based on the conservation of salt within the junction control

volume.

With these alterations, the flows and the salt transport in the C&D Canal
are computed dynamiéally rather than serving as input conditons. The
numerical solution technique of the model remained unaltered. The only
change in the model structure consisted of adding a set of internal boundary
equations at the junction node.representing the canal confluence with the
Delaware estuary and, of course, changing the boundary input from Reedy

Point to Town Point. With these alteratious the Branched MIT-TSIM was

developed.
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e CALIBRATION OF BRANCHED MIT-TSIM MODEL. The Branched MIT-TSIM.Model was
hydrodynamically recalibrated using the tidal data for the four-month period
July-October 1979. The relative mean elevations between Town Point and
Reedy Point were adjusted to reproduce the same net flows in the canél as

were generated using Hunter's model.

The Branched MIT-TSIM Model results agreed quite well with the results of
Pritchard and Gardner, who stated, "the net non-tidal flow for any given net
head difference £etween the two ends of the canal for post-enlargement
conditions will be about 2.48 times the corresponding flow for
pre-enlargement conditions. A relatively simple theoretical approach
suggests that this ratio might be as high as 2.7." ‘The present study Qiﬁh
the Branched Model yielded a ratio of 2.85 for post- and pre-enlargement

flows in the canal.

The predicted chloride distributions using the single-stem and branched’
MIT-TSIM Models for July-October 1979 conditions were compared. The only
fHoticeable differences were in the vicinity of the C&D Canal confluence, as
expected, and an overall difference corresponding to the small difference in

mean net flow between the two cases.

- EXERCISE OF BRANCHED MIT-TSTM MODEL WITH PRE—~ AND POST-ENLARGEMENT GEOMETRY
OF THE C&D CANAL UNDER 1965, 1970, 1975, AND 1979 FLOW CONDITIONS

e CANAL GEOMETRY. In gemeral, the pre- and post-—enlargement ggometry can be
described by the change from a trapézoidal channel 27 feet‘deep and 250 feet
wide with side slopes of 2:1 (horizontal:vertical), to a channel 35 feet
deep and 450 feet wide with the same side slopes. The pre- and
post-enlargement geometries were schematized from NOS charts and Corps of

Engineers drawings.



Sensitivity’analyses were made by using the calibrated Branched MIT-TSIM

Model with a chloride conceﬁtration of 4.43 ppt (salinity of 8.0 ppt) at .
Town Point. Tidal hydrauliecs corresponding to the July-Ocpober 1979 period

served as inﬁuts to the Braﬁched Model. Freshwater inflows to the Delaware

estuary corresponding to tﬁe conditions of July-October 1965, '70, '75, and

*79 were used. Comparativeianalyses were made between pre- andvpost-C&D

Canal conditions under these four sets of boundary specificationms.

o COMPARATIVE ANALYSES. Eight model calculations were made as determined by

the four time periods and ;he two geometries. Figure 1-13 shows the tidally
averaged (ngt) flows in the;canal for the two geometries éonsidered in the
present study. The JulnyQtober average net flow was 3,214 cfs eastward for
the pre-enlargement condition and 9,146 cfs eastward for the post-enlarge-

ment condition. The latter value obtained in the pre- and post-enlargement ;

analyses was further refin%d for the long~term (50-year) analysis. .Upon

further calibration the poét-enlargement average net flow was 7,027 cfs
eastward. This is less th%n one percent larger than flows obtained using
Hunter's model. This increase in flow affected the calibrated chloride
distribution in the Delaware estuary by increasing and, in some cases,

decreasing the chloride concentration by the amounts summarized in Table 1-1.
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TABLE 1-1

SUMMARY OF MAXIMUM CHANGES IN CHLORIDE CONCENTRATIONS FOR SIMULATED FPRE-
AND POST-ENLARGEMENT CONDITIONS OF THE C&D CANAL

Maximum change in chloride
concentrations as a percentage
of the maximum pre-—enlarge-
ment concentation, mg/l

DRBC

Station River Mile 1979 1965 1970 1975
Ship John Shoal 37 -9 -17 -14 -9
Reedy Island Jetty 54 16 -20 -13 15
Delaware Memorial Bridge 69 A -14 40 33
Chester 82 47 -25 25 34
Ben Franklin Bridge - 100 3 -18 3 2
Torresdale ' 110 -1 -12 -1 -1

. Note: All simulations based on July-October 1979 tidal elevations specified

at Lewes, Delaware, and at Town Point, Maryland. Tributary inflows

are those for the year specified.
e CONCLUSIONS. By releasing the single-stem constrai;t on the MIT-TSIM
Model, a more accurate representation of the C&D Canal and Delaware estuary
system has been formulated. Using this-improved engineering tool, a
comparative analysis was made of the impact of the enlargement of the
canal. This impact was evaluated for a time period when the flow in the
canal was predominantly easterly. The increase in net flow due to canal
enlargement does have an impact on the Delaware estuary chlorides under the
conditions of simulation. The Branched Model developed and applied in these
analyses is an improved tool with respect to simulations of salinity in the

Delaware estuary, as it permits a better representation of the C&D Canal as-

‘ part of the system.

1-35



SALINITY-RELATED COSTS TO WITHDRAWAL USERS

Salinity-cost relationships were determined for all direct users of water
from the Delaware estuary. Reiationships between salinity, defined as total
dissolved solidég and unit costs for withdrawal water use (e.g., dollars per
million gallons) were estimateé (refer to Appendix 2 for the derivation of
these relationships). Salinit&-cost relationships were estimated for
municipal system use (domesticL industrial, commercial, and institutional),
and direct industrial withdraw%l use (once-through cooling, process,
recirculating cooling, boiler feed, s;nitary, and intake systems). Costs
associated with salinity effects on groundwater users (whose supplies are
taken from aquifers that are recharged in part by the Delaware estuary),
health (as related to sodium and other contaminants in drinking water), and
estuary fisheries were not generated, as there is insufficient data to
determine those salinity-relat%d impacts. However, general impacts of
variations of salinity concent%ation on the estuafy fisheries are presented

in Appendix 3.

COMPUTERIZATION OF ECONOMIC MODEL

A computer mgdel, ECOSALT, waé developed based on the salinity-cost relation-
shipsvand equations for withdrawal users described in Appendix 2. Complete
documentation is contained in a three-volume report. Volume I is a summary
report which discusses the development of the equations used in the program
and the results of the calibration, testing, and use of the model. Volume
II, a user's manual, serves a# a reference guide for the use of the

program. Descriptions of the !input requirements, sample reports, and sample
data decks are provided therein. Volume III, a programmer's manual, covers

the detailed program documentation (including flow charts, program unit

descriptions, and cross-reference tables).
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The economic model calculates average annual costs to water users based on
spatial and temporal variation of TDS concentration in the Delaware estuary.
The model can evaluate various water management strategies for the Delaware

 estuary with respect to salinity-related costs.

LONG-TERM (50 YEAR) ANALYSIS

e INTRODUCTION. All of the above preparatory analyses concentrated on
developing the necessary tools to be used in simulating long-term salinity
variation in thé Delaware estuary so that salinity-related costs could be
determined. This section discusses the linkage of those tools and the
conclusions reached. Three simulation models were used to conduct the
long-term analyses: the Daily Flow Model (Sectiom 22 study), Braﬁched
Transient Salinity Intrusion Model (MIT-TSIM) and the Economic (ECOSALT)
Model. The Daily Flow Model provided the daily flows as input to the
Branched Salinity Model. The Branched Model was used to generate
spatially-varying salinity concentrations in the Delaware estuary, which in
turn served as an input to the economic model. Ayérage annual costs to all
direct users of water from the Delaware estuary were computed by the

economic model.

; SYSTEM BOUNDARIES - MODEL INPUT.PARAMETERS. The Branched MIT-TSIM Model
requires synoptic descriptions of hydraulic and water—quality parameters at
the boundaries of the system being modelled. The numerical computations of
the flows and the sélinity (chloriﬁity) concentrations are performed at 6 to
10 minute intervals. Thus, it is essential to provide input data for the
external boundaries of the system at frequencies that are compatible with

the computational frequencies of the model.
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The system includes two "open boundaries", one at Lewes, DE, and the other
at Town Point, MD. At these boundaries, the time-varying water surface
elevations are specified as observed or predicted tides. At the head of
tide near Trénton, NJ, the daily-varying freshwater inflows into the estuary
from the non-tidal reach of the Delaware River are specified, as are the
daily-varying inflows into the estuary through its tributaries below
Trenton. Water‘temperature‘observations at Lewes, DE, and Philadelphia, PA,
are used to estimate the avérage daily temperature of estuarine water.

These data serve as inputs #o the Branched MIT-TSIM Model for the

computation of the hydrodynamics of the system.

For computation.of the salinity (chlorinity) concentrations in the system,
the monthly varying "ocean“ or "open" boundary concentrations are

specified. Both at Lewes, DE, and at Town Point, MD, the maximum salinity
associated with the floodiﬁg flows are specified during each tidal cycle.
The model internally compuées the salinity.(chlorinity) concentrations at
these boundaries during the ebbing flows (seaward at Lewes, and southward in
the Elk River at Town Point). At Trenton, NJ, and at all the other
tributaries, time-varying goncentratioﬁs of non-ocean chlorides associated
with dail& flows into the estuary are specified. These data are sufficient
f&r the computation of the: transient salt intrusion in the Delaware estuary.
1In the following paragraphs a description of the procedures used in (a)

compilation of the needed data; (b) filling of gaps; and (c) verification of

such data for consistency and accuracy is presented.
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SYNTHESIS AND VERIFICATION OF INPUT DATA FOR 50~YEAR SALINITY SIMULAIIONS

e INTRODUCTIdN. The total simulation period must include an antecedent
period long enough to insure that the salinity outputs‘for the time of
interest:fully reflect the lagged influence of the changes many months or
possibiy even years earlier. To address this concern, the study used daily
flows developed for the continuous 50-year period. This was also compatible

with output from the Section 22 study.

¢ HYDROGRAPHIC DATA:

(1) Freshwater Inflows Data Development. Daily freshwater inflows are

required as input to the Branched MIT-TSIM Model at Trenion, NJ, and
_tributaries of the Delaware estuary. Under the Section 22 study, mean daily
flows were determined or estimated for the Delaware River Basin from its
headwaters to the Delaware Memorial Bridge at Wilmington, DE, under
"naturalized" (no regulation) flow conditions for a 50-year base period.
These "natural flows'" were then modified by assuming the existence of the
New York City reservoirs operating under the 1954 decree of the U.S. Supreme
Court for the entire 50-year period. These modified flows served as an

input to the Branched MIT-TSIM Model.

Daily flows were simulated for key locations (model nodes) for the‘SO-year
period from October 1927 to September 1977. Model nodes were located at
existing USGS gages, points of proposed or existing diversion, places of
proéosed or existing impoundments, and other points of interest. (Refer to
Figure 1-14 for a schematic'diagram). When records for a station were not
available for the entire 50-year period, the daily flows for that station

were generated through correlation and extension procedures. Available
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records were correlated with those for long-term recording stations using
linear regression equations. (Some headwater stations required generation
of flows even though records were available because the recorded flows

included regulation). .

(2) Description of Tributary Inflows. Ten gaging stations provided

freshwater inflows for tributaries shown in Table 1-2. ‘The inflows for the
ungaged t;ibutaries were ;stimgted by prorating ungaged to gaged drainage
area. A total of twenty-four freshwater inflow points, including the
Delaware River at Treanton, NJ, were modelled. These are listed in Table
1-3. The tributary inflows of the lower estuary (below the Delaware

Memorial Bridge) are derived based on the flows of White Clay Creek.

TABLE 1-2

SOURCES OF INFLOW DATA

No. Station ' Name

1 1-4800 Red Clay Creek at Wooddale, NJ

2 1-4790 White Clay Cr;ek near Newark, DE

3 1-4815 Brandywine Creek at Wilmington, DE

4 1-4770 Chester Creek near Chester, PA

5 | 1-4715 Schuylkill River-at Philadelphia, PA
6 . . 1-4670 " N.B. Rancocas Creek at Pemberton,‘NJ
7 1-4650 Neshaminy Creek near Langhorne, PA

8 1-4645 Crosswicks Creek at Extonville, NJ

9 1-4640 Assunpink Creek at Trenton, NJ

10 1-4635 Delaware River at Trenton, NJ
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TABLE 1-3

RELATIONSHIP OF TRIBUTARY INFLOWS TO "GAGED'" INFLOWS

Gaging Station

' used as
Tributary . Source of Inflow(s) - Drainage-Area
(from table 1-2) ’ Ratio

Broadkill River, DE 5 2 1.773
Dennis Creek, NJ I 2 © o 1.437
Maurice River, NJ | 2 4.198
Murderkill River, DE | 2 1.953
St. Jones River, DE 2 1.280
Leipsic River, DE | 2 1.874
Cohansey River, NJ ; 2 v 2,997
Alloway Creek, NJ | 2 0.823
Salem River, NJ 2 1.285
C&D Canal, DE ‘ 1 ' 3.528
Christina River, DE ‘ 1, 2, 3 1.313
Oldmans Creek, PA } 4 1.124
Raccoon Creek, NJ ; 4 1.100
Chester Creek, PA ‘ 4 3.863
Mantua'Creek, NJ | 4 _ 1.280
Schuylkill River, PA 5 1.008
Big Timber Creek, NJ ‘ 5 0.042
Cooper River, NJ ' 6 0.696
Frankford Creek, PA | 6 0.524
Rancocas Creek, NJ 6 4.071
Neshaminy Creek, PA 7 | 1.752
Crosswicks Creek, NJ _ 8 2.014
Assunpink Creek, NJ | 9 1.072
Delaware River, Trenton, NJ 10 1.000
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(3) Tidal Data At Lewes, DE, and at Town Point, MD.

(a) Data Available. The National Ocean Survey (NOS) (or its

predecessor, the Coast and Geodetic Survey) is the source of boih observed
and predicted tide data at ‘the two open boundaries of the system. Data
coveriﬁg the period between 1927 and 1977 were required for the 50 year
computer runs of the Branched MIT-TSIM Model. Although some tide elevation
data existed for Town Point, MD, the record covered only a short period.
Consequently, Baltimore, MD, tide data were used as a basis for simulating
Town Point tide e1e§ations. Data were available from the NOS for the period
October 1927 through August 1967 for Baltimore, and for the period 1921-1973

for Lewes, DE. Unfortunately, there was a total of approximately 19 years

-of data gaps for the Lewes station.

(b) Gap-Filling Using The NOS Prediction Program. The NOS prediction

program was used to fill data gaps. A validation of the tidal prediction
program was made by comparing generated values with those published in the
Tide Tables by the National Oceanic and Atmospheric Administration (NOAA).

.

The generated values agreed very well with the published values.

(c¢) Sea Level Rise During Water Years (1928-1977).. Hull and

Tortoriello have shown that the historical trend of a rising sea level could
significaﬁtly affect the salinity in the Delaware estuary. Consequently, it
was important that tidal elevation data be éonsistent in terms of their
relationship to sea level. Observed data from the NOS are given with
respect to a specific tidal datum; usually the mean low water (MIW) of a

particular tidal epoch (19-year period).

The previously mentioned data from the NOS were furnished with an

accompanying list of corrections that related the data to the local mean low
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water of the 1960~1979 tidal epoch. The National Geodetic Vertical Datum
(NGVD) can be used to relate non-stationary datums. The set of
relationships between NGVD and the MIW of Lewes, DE, Baltimore, MD, and Town

Point, MD, is given in Table 1-4.

Hicks has analyzed observed tidal data at Lewes, DE, (1921-1975, but with
missing data). He calculated a rising trend of 3.7 millimeters/year. This
trend, which is equivalent to 0.012 ft/year, has been used for adjusting

predicted data that were required to fill gaps.

TABLE 1-4

DATUM RELATIONSHIPS FOR LEWES, DE,
BALTIMORE, MD, AND TOWN POINT, MD

Lewes, Baltimore, Town Point,

Delaware Maryland Maryland
1941-1959 Tidal Epoch
MIW above Staff datum ‘ 2.49 3.96 2.67
NGVD above MLW | 1.74 0 0.19 0.62
1960~1978 Tidal Epoch i
MLW above Staff datum ; 2.67 4.12 2.85%
NGVD above MLW 1.56 0.04 0.44*%

*Based on.the same sea-levell rise between epochs (0.18 ft.) as that at
Lewes, DE '

(d) Synthesis of Tidal, Data. The synthesis of the final tidal data used
by the Branched MIT-TSIM Model required an orderly merging of data from (a)
hourly observed values, (b) high and low observed tides, and (c) high and

low predicted tides. Finaﬂly, the Baltimore, MD, tidal data were corrected

to represent Town Point, MD, by using the correction factors given in the

NOS Tide Tables.




A program was written to process the hourly data in order to extract the
series of high and low tides from these data. Another program was written

to develop data for Town Point based on correlations with Baltimore data.

e SALINITY (CHLORINITY) DATA:

(1) Freshwater Inflow Background Chlorinities. Chloride data were not

always available at all the tributary gaging stations. Even if such data
were available, the chloride contribution by such tributaries to the estuary
would be underestimated if based solely on the gaging-station data, as most
of the gaging stations are upstream of urbanized areas near the Delaware
estuary. Such data would not reflect the contribution of background
chlorinity (i.e., non-ocean éalt)-to the estuary that results from storm
runoff or point discharges from municipal énd industrial plants downstream

of the gaging stations.

In an effort to account for these additional sources of chloride, DRBC made 5
study to correlate the long term net chloride flux between pairs of quality
monitoring stations in the tidal Delawére River and the upstream inflow at
Trenton, ﬁJ. The technique used is called the Zonal Net Flux method. It has
the advantage of accounting for significant non-point and point sources of
chloride contributions to the estuary that could not be accounted for by
using data collected at tributary gaging stations. The Branched MIT-TSIM

Model uses this technique.

(2) Description of Chlorinity at Lewes, DE. Salinity and surface water
temperature at the ocean entrance to Delaware Bay has been recorded by the
NOS for many years. A distinct seasonal variation in mean monthly salinity

is shown in Figure 1-15 and Table 1-5. This variation, though small,
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nonetheless is significant and can be explained in terms of the annual
variation of freshwater runoff from all rivers discharéing to the

. Mid-Atlantic Continental Shelf. As a specification on the landward

| (flooding) flow, the chlorinity variation at Lewes, DE, was taken from the
NOS, NOAA surface water and density values presented i; Publication No. 31-1,

dated March 1973.

TABLE 1-5

MEAN MONTHLY SALINITY AND CHLORINITY VARIATION
AT LEWES, DELAWARE*

MONTH SALINITY CHLORINITY
ppt pPpt
January 28.4 15.7
February ' : 28.5 15.8
| March 28.1 15.6
April 27.7 15.3
. May 28.4 J 15.7
. June 28.9 16.0
July " 29.9 16.6
August 30.1 16.7
Septembef | 29.8 : 16.5
October ‘ 29.9 : 16.5
November 29.5 16.3
, becember i 28.9 16.0

* Computed from yearly averages extending from 1919 through 1971 (Data
source: NOAA, Surface Water Temperture and Density, Publication No.
31-1, March 1973) '

(3) Description of Salinity Variation at Town Point, MD. It was

necessary to formulate a realistic salinity boundary condition at Town Point,
MD, as it represented the western extremity of the C&D Canal. Sparse but

. reliable salinity data were available for two stations in the Elk River
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near the western end of the canal covering the period 1969-1974. A
methodology was adopted to cbnstruct a year-long salinity description at Town
j
Point that has a biweekly resolution. A realistic year-long salinity .
description at this boundarj was developed through a statistical analysis of
! .
the Elk River data. Care w%s taken to assure that the described salinities
at Town Point reflected characteristics that are more representative of the
waters of the upper Chesapeake Bay than of the waters of the Delaware
estuary, since analysis of ﬁhe Elk River salinity data indicated that
unusually high salt concentrations occur at certain times in the river, due
to salt transport through the Canal from the Delaware estuary. The
formulated year-long.salini;y variations at Town Point were used repetitively

during each of the 50 years{of the salinity simulations for the Delaware

estuary.

Cross-sectionally averaged salinities were determined from the six years of

data. Sets of bi-weekly average salinity data for the six years were grouped
within corresponding 15-~day intervals, and statistical analyses were

performed to derive mean salinities and standard deviationms.

To investigate the sensitivity of salinity variations in the Delaware estuary
to different specifications of salinity at Towﬁ Point, MD, two sets of
year—long biweekly varying éata sets were developed. These data sets, listed
in Table 1-6, reflected salinity variations at Town Point that were one
standard deviation above ana below the mean. Sensitivity analysis

!
demonstrated that only small salinity differences in the Delaware estuary
resulted from Town Point salinities that fell within one standard deviation.

above or below the mean seasonally varying-observed salinities. Therefore,

the mean salinity variations were used in the simulation runs of the Branched

MIT-TSIM Model.
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TABLE 1-6

STATISTICAL ANALYSIS OF BIWEEKLY SALINITY VARIATION

AT TOWN POINT, MD

~

JULIAN Mean concentration, ppt S - o* (Chl - o) S - o* (Chl - o)
DAY *% Salinity Chlorides ppt ppt ppt ppt
8 0.226 (0.125) 0.226 (0.125) 0.226 (0.125)
24 0.115 (0.064) . 0.096 (0.053) 0.135 (0.075)
40 0.445 (0. 246) 0.218 (0.121) 0.673  (0.372)
56 0.572 (0.317) 0.000 (0.000) 1.417  (0.784)
72 0.455 (0.086) 0.119 (0.066) 0.192  (0.106)
88 0.312 (0.173) 0.048 (0.027) 0.577 (0.319)
104 0.933 (0.516) 0.578 (0. 320) 1.287 (0.712)
120 0.359 (0.199) 0.330  (0.183) 0.388  (0.215)
136 0.213 (0.118) 0.141 (0.078) 0.28: (0.157)
152 0.357 (0.198) 0.231 (0.128) 0.482 (0.267)
168 0.341 (0.189) ~ 0.008 (0.004) 0.674  (0.373)
184 0.551 (0.307) 0.282 (0.156) 0.826 (0.457)
200 0.391 (0.216) 0.000 (0.000) 0.808 (0.447)
216 0.970 (0.537) 0.013 . (0.007) 1.928 (1.067)
232 0.770 (0.426) 0. 600 (0.332) 0.939  (0.520)
218 0.775 (0.429) 0.671 (0.371) 0.879  (0.486)
264 1.765 (0.977) 0.868 (0. 480) 2.663  (1.474)
280 2.114 (1.170) 0.550 (0.304) 3.679 (2.036)
296 2. 283 (1.263) 2.123 (1.175) 2.442  (1.351)
312 3.619 (3.126) 4.473 (2.475) 6.826 (3.778)

328 1.963 (0. 388) 0.750 (0.415) 1.376  (0.761) -
344 0.862 (0.477) 0.264 (0.146) 1.461 (0.809)
360 0.863 (0.480) 0.588 (0. 325) 1.148  (0.635)

* 0 Is the standard deviation for each interval of 15 days.

*% Julian Day 1 is January lst.



BRANCHED MIT-TSIM CALIBRATION AND SENSITIVITY ANALYSIS

e SELECTION OF A PERIOD FOR ¢ALIBRATION. The calibration of the Branched

MIT-TSIM Model for salt intrusion studies in the Delaware estuary requires

accurate and éynoptic observed hydrographic and salinity data. These data

consist

g.

of:

C&D Canal geometry.

time-varying freshwater inflows into the system from the Delaware
River at Trenton, NJ, and from the seaward tributaries of the estuary.

time-varying salinity (chloride) concentrations associated with the
freshwater inflows.

time—-varying water surface elevations at Lewes, DE, and Town Point, MD.

time-varying salinities at Lewes and at Town Point.

time—-varying water surface elevations and salinities at several
stations within the domain of interest.

time-varying temperature at Philadelphia and Lewes.

t

An extensive review of the field data revealed a very limited number of

periods

for which available synoptic data satisfied all of the above

requirements. Two factors further complicated the selection of a period for

. . . i . ; .
model calibration. First, the economic analysis (cost impacts for 50-year

period) would be based on the present, enlarged geometry of the C&D Canal.

Second, an accurate descripﬁion of the canal geometry was not available for

the period between the years 1963 and 1975, as the canal was undergoing

enlargement during these years.

During July-October 1979, the National Ocean Survey gathered continuous water

surface elevation data at Town Point. These tidal data were used in the

previous investigations of canal flow influences on salt intrusion in the

Delaware estuary. However, those investigations were based on an assumption

of constant salinity concenFrations (8.0 ppt) with easterly canal flows.
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This assumption was adopted in the absence of salinity.observations in the
C&DVCanal or‘at its western boundary for 1979. It was felt that an alternate
period should be selected, for which at least monthly observations of
‘salinity at Town Point were available. Thus, the period July-October 1979

was eliminated from consideration for calibration purposes.

Although water-years 1964 and 1970 were within the period when the canal was
beingvenlarged, théy were the only two remaining options. The period of
water—year 1964 presented two major éroblems. First, since the canal
enlargement had been initiated only shortly beforé, the 1964 canal geometry
would reflect the pre-enlargement condition more than the post-enlargement
condition. The second problem dealt with the availability of monthly
salinity data at Town Point, MD, in the Elk River. The Chesapeake Bay
Institute (CBI) did not begin compiling monthly (or more frequent)
‘depth-varying salinity concentr#tions at Town Point until 1969. Review of
the CBI data bank indicated that.such data were gathered through the years
1969-1974 in a relatively consistent manner. Water-year 1970 remained the

most reasonable choice for calibration.

Water-year 1970 provided a fgw attractive features that are useful for the
calibration of a2 model targeted forASO—year simulation of hydraulic and
salinity behavior in the Delaware estuary. Firét, 1970 was a medium
freshwater inflow year for the Delaware Basin. Second, by 1970, the canal
enlargement was almost completed, with the exception of a reach of less than
a mile near the eastern eﬁd of the canal. This reach retained approximate
pre—enlargement canal dimensions until the spring of 1975. However, the flow
through the canal in 1970 was believed to be almost as great as it would have
beenvif the enlargement had been completed before that year. Third, there
were 11 vertical salinity profile observations reported by CBI at Town Point,
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MD, between October 1969 ana September 1970. These factors encouraged the
choice of this period for célibrating the Branched Model. However, there
were two major obstacles to'be overcome if an accurate year—long calibration
of the modellwas to be achiéved. First, there were no observed tidal
elevations at Town Point fo# water-year 1970. Second, no details were
available as to the exact dimensions of the unenlarged reach ghat constricted

flows into and out of the canal through its eastern entrance at Reedy Point,

DE.

To overcome these two obstagles, the following approach was taken. Town
Point, tidal elevation data were gengrated using the NOS prediction program.
These data were developed by applying the proper phase and amplitude factors
to the predicted tides at Béltimore, MD. Regarding the unenlarged reach, it
was assumed that the canal had its complete post—-enlargement dimensions

during the period of calibr?tion.

e RESULT OF BRANCHED (MIT—TSIM) MODEL CALIBRATION. Data for the first three
months of water-year 1970 w%re prepared for input to the Branched MIT-TSIM
Model. The intent here was: to calibrate the model initially using input data
corresponding to 1 October-31 December 1969. A satisfactory calibration was
obtained at all stations using the 1970 water-year data. The parameters of
the calibration--Manning's Eriction c0gfficient, n; stratification-related
dispersion coefficient, K; and the Taylor dispersion multiplier, m -—were all
identical to the values obtgined during the previous calibration of the. same
model in the same s?stem u;ing July—-October 1979 data. The model calibration

therefore represented a verification of the previous efforts.




e SIMULATION OF S50-YEAR CHLORINITIES IN THE DELAWARE ESTUARY. The calibrated
and verified Branched MIT-TSIM Model was employed for the 50-year period
using the input data previously described. The follqwing is a brief

description of the analysis performed and conclusions reached.

Chloride data for the end of September 1927 were mnot available to allow
determination of actual initial conditions. Consequently, initial conditions
were assumed to be the same as those used for water-year.1970, medium flow
year. Exﬁerience with previous Delaware estuary simulations has shown that
within about a year, all lagged salinity effects of the initial condition are
eliminated, and that most of the effects of the initial condition are gone
after several months‘of calculation. Previous studies had shown also that
computed and observed hydraulic conditions converge within a few days when
the computations start with still water. Consequently, a correct set of
hydraulic conditions in terms of discharge and initial water surface
elevatiQns was used to begin the 50-year simulation. Therefore, the initial
hydraulic conditioﬁs for 1 October 1927, were established by executing the
model for the final five days of September 1927, starting with a slack-water

condition.

# 50-YEAR AVERAGE CHLORIDE DISTRIBUTION. The 50-year average chloride
distribution from River Mile 50 to River Mile 131 are presented in Figure
1-16. These values are plotted using the computed station means of the

entire 50-year period of record.

¢ DISCUSSION OF RESULTS. The computed tidal elevations, one-dimensional
velocities, and chloride concentrations in the entire system remained stable

throughout the 50 years of simulation. The analysis of the chlorinity
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variations at 34 estuary stations computed by the model showed that the C&D
Canal influence on the chloride concentratiéns in the Delaware estuary was,
for all practical purpdses, limited fo a 45-mile reach that extends from
Chester, PA (River Mile 82), to Ship John Shoal, NJ (River Mile 37). Above
this reacﬁ, the chloride concentrations were influenced more by the magnitude
and the variation of flows from the Delaware River and its tributaries. In
the seaward portion of the estuary, the chloride concentrations were

influenced more by the variations of salinities at the ocean boundary.

Figure 1-17 shows the computed yearly average net flows in the C&D Canal for
the SOfyear simulation (positive direction corresponds to eastward flows).
These flows do not reflect the actual conditions that pfevailed in the canal
during the years 1927-1977. Whereas the canal geometry underwent three
alterations during that period, the analysis assumed post-1975 canal geometry
for the entire period. Also, this figure shows an appreciable yearly
variation in the net annual flows through the canal over the simulated
50-year period. These flows vary from a maximum of 14,190 cfs eastward to a
minimum of 300 cfs eastward, with only two years (1972 and 1973) indicating
net westward flow. The 50-year average of the simulated net annual flows in

the canal is 6,560 cfs eastward.

Figure 1-18 shows the variation of chlorinity at the Ben Franklin Bridge
(River Mile 100), and at the Delaware Memorial Bridge (River Mile 69) during
water-year 1973. Als§ shown in the figure is the freshwater inflow to the
Delaware estuary a; Trénton, NJ. This year waé chosen to illustrate the

canal flow influence on the chlorinity concentrations during a period with

net westward flow. The cﬁlorinity in the upper Delaware estuary is strongly
influenced by the freshwater inflow at Tremnton, NJ, as the chloride concentra-
tions at both stations are dramatically reduced by increasing freshwater
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inflows. However, from dayi190 to day 220, the chloride concentrations at
the Delaware Memorial Bridgé dramatically increased despite moderately high
freshwater inflows at Trentdn. This chlorinity increase at Delaware Memorial
Bridge is attributed to the large net westward flows in the canal, which
enhanced the Eropagation ofithe salinity front farther upstream in the
Delaware estuary. The impact of such westward flows in the canal is not felt

at the Ben Franklin Bridge,‘because relatively high freshwater inflows to the

estuary hold the salinity front seaward of this bridge.
: |

APPLICATION OF THE'ECONbMIC MODEL FOR THE ASSESSMENT OF AVERAGE ANNUAL

SALINITY-RELATED COSTS

The Economic Model (ECOSALT) was utilized to translate the chloride values
from the Branched MIT-TSIM Model into costs to estuarine water usérs. Three

fundamental inputs were furﬁished to the economic model. These are:

. . | . . .
a. The delineation of each user's location in terms of the nearest river

mile (as measured from the ocean boundary).

b. The "expected TDS" for each river mile, defined by the 50-year
"experienced TDS" mean.

c. The frequency distribution of chloride concentration at each of the
34 points of interest (i.e, nearest river miles to locations of
users), for each of the 50 years.

"Costs were then developed by a straightforward application of the economic

model.

o AVERAGE ANNUAL SALINITY-R#LATED COSTS-~-SUMMARY OF FINDINGS. A detailed,
year—by-year tabulation of gnnual costs (1978 price level) by type of water
use is given in Table 1-7. Total average annual salinity-related costs is
equivalent to $19.807 million. For graphical visuélization of the frequency
of occurrence of levels of énnual coéts over the 50 years (water years

1928-1977), a histogram of annual costs is depicted in Figure 1-19.
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Table

1-7

AVERAGE ANNUAL SALINITY-RELATED COSTS BY TYPE OF WATER USE (1978 PRICE LEVEL)

SALINITY COSTS BY WATER YEAR
(MILLIONS OF DOLLARS)

INDUSTRIAL WITHDRAWAL

KUNICIPAL SYSTENS DIRECT
VATER . INDUS/ TOTAL  ONCE-THR RECIRC BOILER PROCESSE SANITARY TOTAL  GRAND
YEAR MUNIC. DOMS, COMM INSTIT MUNIC,  COOL  COGL  FEED COM.COOL & OTHER INTAKE INDUS  TOTAL
W (2 (3) (4 (50 _(6) (7 _(8) (9) ol TOn T2l 03 Tta)
1928 0.420 B.683 0.521 0.417 10,441 0,071 0,487 0.3A1 1,914 0,207 1,530 2.551 14,992
1929 0,683 11,706 1,515 0,681 14,584 0,125 0,735 0.488 2,753 0,326 2,131 6.559 21.143
1930 0,639 11,430 1,462 0.457 14,208 0,102 0.712 0,480  2.653  0.32% 1.908 6.181 20,390
1931 0,830 13.417 1.855 0.830 16,932  0.163 0,802 0,532 3.507 0.424 2,570 7.998 24,929
1932 0,858 13,746 1.919 0.858 17,381 0,142 0,798 0,532 3.411 0,420 2,370 7.473 25.054
1933 0,587 10,599 1,297 0.584 13,068 0,085 0.653 0,449 2,383 ° 0,288 1,674 S5.541 18.809
1934 0,586 10,590 1,295 0.584 13,056  0.105 0.679  0.461 2,439 0,293 1,912 5.889 18.945
1935 0,518 9,756 1,132 0511 11,913 0.086 0.592 0,410 2,193  0.257 1,702 5.240 17,154
1936 0,653 11,380 1.451 0.452 14,136  0.086 0.674 0.456 2.550 0.308 1,723 5.797 19.933
1937 0,587 10,608 1.300 0,585 13,080  0.100 0.672 0,453 2,483 0,297 1.907 S5.913 18.993
1938 0,49  9.544 1.091 0,493 11,624 0,085 0.583 0,405  2.156  0.256 1,703 5.188 18,812
1939 0,609 10,854 1,349 0,407 13.418 0,079 0,645 0,437 2.433 0,288 1.651 5.533 18,951
1940 0,662 11,480 1,467 0,660 14,271 0,139 0,733  0.486 2,797 0,321 2,272 6.748 21,019
1941 0,627 11,067 1,389 0.625 13,708 0,136 0,719  0.483 2,634 0,317 2,202 4.510 20,219
1942 0,685 11,741 1,523 0,484 14,633  0.198 0,745 0.503 3,436  0.397 2.814 8.095 22,728
1943 0,549 10,396 1,259 0.567 12,791  0.089 0.613 0,220 2.299  0.277 1.746 S5.445 18,235
1940 0,694 11,847 1,582 0.892 14,775 59 0,747 0,497 2,906 0,342 2.451 7.103 21,878
1945 0,542 10,078 1,196 0.539 12,355 0,131 0,638  0.435 2,503  0.290 2,152 6.150 18,505
1945 0,503 9.631 1,108 0,500 11,742 0,045 0.576  0.900 2.131 0,252 1.475 4.900 14.441
1947 0,545 10,118 1,203 0,543 12,409 0,406 0,638  0.430 2,30 0,276 1.907 S5.721 18,130
1948 0,550 10,180 1,213 0.547 12,490  0.112 0.437  0.431 2,337  0.274 1,958 5.744 18.234
1949 0.667 11,523 1,481 0.665 14,335 0,110 0,702  0.468 2,720 0,315 2,011 6,32 20.461
1950 0,623 11,023 1,381 0.621 13,649  0.136 0.693  0.467 2,644 0,316 2.228 6.485 20,134
1951 0,575 10,469 1,272 0,573 12,889  0.077 0.637 0.432 2,377 0,278 1.685 5.445 18,335
1952 0,468 9,235 1.029 0.465 11,196  0.065 0.534 0,372 2,034  0.234 1.435 4,474 15.870
1953 0.606 10,819 1,342 0,604 13,374  0.083 0.644  0.430 2,467  0.276 1,705 S5.605 18,976
1954 0,729 12,248 1.624 0.728 15,32 0,137 0,744  0.4% 2,93 0.355 2,270 6,935 22.265
1955 0,653 11,387 1,450 0.651 14,122  0.121 0.713  0.479  2.685 0,322 2.076 6,395 20.517
1956 0,501  9.619 1,103 0.498 11,721 0,138 0.620 0.421 2,380 0,258 2.246 6.062 17,783
1957 0,746 12,436 1.662 0,745 15.588  0.127 0,748  0.498 2,98  0.350 2,211 6,919 22,507
1958 0,484 11,727 1,521 0,683 14,815  0.119 0.725 0,482 2.820 0.338 2,068 6.552 -21.167
1959 0.564 10,334 1,245 0,561 12,705 0,121 0.668 0.454  2.420 0,289 2,053 6.004 18.709
1960 0,483  9.413 1,063 0.480 11,440 = 0.122 0,577 0,400 2.126  0.289 2,011 5.485 16.924
1961 0,530 9,937 1,167 0,527 12,180 * 0,135 0,645 0,439 2,351  0.27{ 2,176 6.017 18,177
1962 0,732 12,280 1.629 0.731 15.372 83 0.761 0,502 2,994 0,352 2463 7.235 22,607
1963 0,737 12,340 1,441 0,736 15.454  0.178 0,768 0,511  3.141 0,360 2.814 7.575 23,029
3968 0,802 13,105 1.792 0.802 16,502 JA57 0,822 0.547 4,286 0.554 2.614 8.979 25.481
1965 0,975 15,087 2.190 0.976 19.22 0,199 0.864  0.568 4,945 0,845 2,977 10,198 29.426
1966 0.879 13,979 1,97 0.879 17,704  0.142 0.809 0.538 3.658  0.449 2,424 B.021 25.726
1967 0,551 10,183 1,215 0,548 12,497 0,132 0,697 0.483  3.011  0.350 2.298 6.972 19,449
1968 0,576 10.485 1,273 0,574 12,908 0,092 0.658 0,447 2,395 0.289 1.798 5.679 18,586
1969 0,590 10,638 1,305 0,588 13.121  0.152 0.698 0.470 2,645 0,303 2,388 6.656 19.777
1970 0,607 10,828 1.343 0.604 13,382 206 0,729 0,509 3,784 0.452 2.912 8,591 21,974
1971 0,541 10,065 1.194 0.538 12,338 0.127 0.621 0,424 2,318 0,270 2.107 5.867 18.204
1972 0,482  9.39% 1,061 0.479 11,417 0,102 0.542 0,377  2.07% 0,235 1.816 S5.148 16,565
1973 0,477 9.330° 1.050 0.474 11331 0.170 0,585 0,394 2281 0,238 2,438 4.106 17,437
1974 0,507  9.477 1.117 0,504 11.805  0.095 0,592 0.407 2,192 0,253 1.799 5.338 17,143
1975 0,431 8.802 0.946 0.428 10,408  0.081 0.486 0.343 1,898  0.212 1.407 4.427 15.235
1976 0,473 9.291 1,039 0,470 11.273 0,082 0.544 0.381 2,053 0,238 1.437 4.935 16,208
1977 0,657 11,415 1,458 0.855 14,186 0,077 0,702 0,470 2,573  0.311 1,659 S5.792 19.977
AUG 0,814 10,918 1.361 0,612 13.505 0,120 0.672  0.455  2.870 0,316 2,069 6,302  19.807
KIN 0,420 B.483 0.921 0,417 10.441 0,065 0.485 0,341 1,898 0,207 1,436 4.439 14,874
HAX 15,087 0.976 19,228 0.864 0,645 2,977 10,198 29.426

0. 975

0.199
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SIGNIFICANCE OF SALINITY-RELATED COSTS TO WITHDRAWAL USERS

e MUNICIPAL SYSTEM USERS:

(1) Summation. Total salinity-related average annual costs for
municipal system users represent a very sizeable portion of the total for all
estuary withdrawal users, 68.2 percent (%), although utilizing only a small

portion of the total water use, 4.9%.

(2) Domestic. As shown in Table 1-8, average annual costs to domestic

users of municipal water account for 55.1% of the total average annual costs

incurred by withdrawal users of estuarine water, while using only 2.7% of

total withdrawals. More specifically, as delineated in Table 1-8, domestic
users account for 80.8%2 of average annual salinity-related costs incurred

strictly by municipal system users (and utilize 54.6% of total municipal

water use). The large relative magnitude of domestic costs, in comparison

with other uses, is attributable to costs incurred for soaps, cleansers, and

softeners. These types of costs are not applicable to most other user
categories. Also, domestic systems tend to use relétively small amounts of
water in relationship to that used by other municipal users and direct
industrial withdrawal users. Usage by the latter, particularly, is on a much
larger scale (in millions of gallons per day (mgd) terms) with equipment that
tends to be less gignificantly impacted than domestic facilities by the
effects of salinity per equal increment of water use;' Moreover, the
exceedingly large number of domestic households (approximately 525,000), in
comparison with the vastly smaller number of users in the other withdrawal
categories (for instance, there are but three municipgl suppliers and only 56
Airect industrial withdrawers) also helps to explain the heavy percentage of

total salinity costs that are incurred by the domestic category.
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TABLE 1-8

SIGNIFICANCE OF MUNICIPAL SYSTEM USERS
(1978 Pice Level)
COMPARISON WITH

MUNICIPAL SYSTEM USE ONLY TOTAL ESTUARY WITHDRAWAL

% of total % of total

Water Use Municipal System Avg. Ann. Municipal System % of Total

% of Total

29-1

Category (MGD) Water Use Costs (b) Costs Estuary Water Avg. Ann. Costs
(a) (a)/264.0 ($ Mi1) (b)/$13.505 (a)/5391.3183  (b)/$19.807%

(1 (2) (3) (4) (5) (6) (7)
Domest ic 144.109 54,6 $10.918  80.8 2.7 55.1
Industrial} ﬁ -

Commerciall 91.115 34.5 1.361 10.1 1.7 6.9
Institutional 28.776 10.9 0.612 4.5 0.5 3.1
Municipal

Facilities? 2 2 0.614 4.5 2 3.1
Total¥ 264.0 100.0 13.505 100.0 4,9 68.2

1)Includes water drawn through Municipal Systems by Industries

2)Al1 water supplied to municipal users is drawn through Municipal Systems Facilities (Torresdale, Lower Bucks,
Bristol)

3)current total estuary withdrawal use (mgd)

4)Avg. Ann. Costs (50-year period of analysis) for total estuary withdrawal use (See column 14 of Table 1-7).

* May not total exactly due to rounding.




(3) Three Municipal Suppliers (Torresdale, Bristol, and Lower Bucks).

All water supplied through the municipal distribution systems to domestic,
industrial /commercial, and institutional users is handled by the municipal
suppliers, but costs to the three municipal suppliers: represents only 4.5% of
the totél costs for municipal system use (see Table 1-8). The municipal use
of 264.0 mgd, in turn, represents only 4.9% of thg total daily estuary
withdrawal. Costs to the three municipal suppliers are 3.1% of the total

average annual salinity-related costs of $19.807 million.

(4) 1Industrial/Commercial and Institutional. These categories utilize

45.4% of the water and account for 14.6%Z of the annual salinity-related costs
for municipal system use. On a broader scale, these categories represent
2.2% of water use and 10.0% of average annual costs for total estuary

withdrawal.

e DIRECT INDUSTRIAL WITHDRAWAL USERS. Based on the characteristics of the
types of uses undertaken by direct industrial withdrawers, the Delaware

estuary can be delineated into three areas:

- Area 1 ~- RM 50 (most seaward user) to RM 75 (halfway between

Wilmington and Marcus Hook)

- Area 2 -—- RM 75 to RM 110 (location of Torresdale intake)

- Area 3 -- RM 110 to RM 134 (Trenton, NJ)

The following breakouts of water use by area in the estuary can be made:

% of
% of Z of % of % of Direct
Once-through Recirculating Boiler % of Sanitary Industrial No. of
Area Cooling Cooling Feed Process and Other Water Use Industrie
1 54 : 0 0 ] 0 51 9
2 27 99 84 59 85 29 39
3 19 1 16 41 15 20 8
Total 100 100 100 100 100 100 56
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The direct industrial users in Area 1 withdraw estuarine water exclusively
for once-through cooling purﬁoses. The incremental costs of increases in

levels of salinity for once—ﬁhrough cooling tend to be relatively minimal.
Investment decisions lead tol/the purchase of equipment capable of handling

wide fluctuations in salinity.

Area 2 is the most critical zone of withdrawai use regarding costs
experienced from variations in the level of salinity. More sensitive
applications of direct indusgrial withdrawal are undertaken than the
once-through cooling use in Area 1 (i.e., recirculating cooling, boiler feed,

process, and sanitary and other).

Area 3 is located sufficiently far upriver in the estuary that fluctuations
in salinity levels, due to ﬂhe overriding influence of freshwater inflows,
are less than those expetieqted in Area 2. Thus, salinity-related costs for
the sensitive applications 5f direct industrial withdrawal use are not as

great for equivalent increments of water use.

(1) Once-Through Cooling. In contrast with the great magnitude of

estuarine water withdrawn fﬁr this purpose (4,857 mgd out of total direct
industrial withdrawal use of 5,127 mgd, or 94.7%), the salinity related costs
are extremely minimal. For example, average annual costs wefe only $0.120
million (or 1.9%) of the $61302 million determined for direct industrial
withdrawal use. Of further%note, once~through cooling consists of 90.1%
(4,857 mgd/5,391 mgd) of the total estuarine use, but merely 0.61% ($0.120
million/$19.807 million) of total average annual salinity-related costs
incurred. The major reason for the relatively low level of costs is the very

corrosion resistant (and expensive) construction materials used in the
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once~through equipment. Once-through cooling involves running vast
quantities of water continuously through a system, with the equipment

designed to be very insensitive to the impact of fluctuating levels of

salinity.

(2) Recirculating Cooling, Boiler Feed, Process, and Sanitary and

Other. These four sensitive applications of direct industrial withdrawal use
incur much more significant levels of salinity costs than once-through
cooling, even though the sensitive applications use much less water. Table

1-9 displays the significance of each category of sensitive applicétion.

A point of major interest is the large portion of average annual salinity-
related costs for process (42.4%), coﬁsidering’chis category's small portiomn
~ of total direct industrial water use (only 4.3%). Considering the percentage
of direct withdrawal use handled by the four sensitive applications (i.e.,
5.3%Z), the percentage of the total averaée annual salinity-related costs for
direct induétrial withdrawal of 65.3% for the four uses is very significant.
However, the four categories made much smaller contributions to the total of
all average annual salinity-related costs (20.8%) despite the four categories
percentage of total estuary withdrawal use versus the percentage for direct
industrial witﬁdrawal use only diminishing very slightly from 5.3% té 5.0%.
This result accents the very heavy relative weighting of salinity costs

incurred by municipal systems (especially domestic users).

(3) Intake Systems. All direct industrial water use is handled through

intake systems. Average annual salinity-related costs to intakes is 32.87% of
total direct industrial withdrawal costs related to salinity (see Table 1-10).
Also, although industrial intake systems are used for 95.1 % of total estuary

withdrawal use, costs to these intakes comprise only 10.4% of total average

annual salinity-related costs.
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TABLE 1-~9

SIGNIFICANCE OF SENSITIVE APPLICATIONS OF DIRECT INDUSTRIAL WITHDRAWAL USE
(1978 Price Level)

DIRECT INDUSTRIAL WITHDRAWAL ONLY TOTAL ESTUARY WITHDRAWAL
% of Direct % of Direct % of Total .
Water Use  Industrial With-  Avg. Aunn. Industrial With- Estuary With- Z of Total
(MGD) drawal Use Costs (b) drawal Costs drawal Water Use Avg.Ann.Costs
Category (a) (a)/5127.3181 ($ Mil) (b)/$6.3022 (a)/5391.318% (b)/$19.807°
(1 (2) (3) (4) (5) (6) 7
Recircéulating - : . i o , B
Cooling 22.331 0.4 $0.672 10.7 0.4 3.4
Boiler Feed 15.738 0.3 0.455 7.2 0.3 2.3
Process 220,982 4.3 2.670 42.4 4.1 ' 13.5
Sanitary
and Other 11.414 0.2 0.316 5.0 0.2 1.6
Total* 270.465 5.3 4,113 65.33 5.0 20.8

Dfotal direct industrial withdrawal use (mgd)
2)Total average annual costs for direct industrial withdrawal use including once-through cooling ($0.120) and

Intake Systems ($2.069--see Table 1-10, Column 4).
Remainder of direct industrial withdrawal costs cousist of once-through cooling (1.9%) and intake systems
(32.8%--see Table 1-10, Column 5).

4)Current total estuary withdrawal use (mgd)

5)Total average annual costs (50-year period of analysis) for all estuary withdrawal use (see Table 1-7, Column 14)

* May not total exactly due to rounding.
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- TABLE 1-10

SIGNIFICANCE OF INTAKE SYSTEMS (DIRECT INDUSTRIAL WITHDRAWAL)

DIRECT INDUSTRIAL WITHDRAWAL ONLY

Direct % of Direct
Water Use Industrial With-
(MGD) drawal Use
Category (a) (a)/5127.318L
(1 (2) (3)
Industrial .
Intake Systems 5127.318 100.0

)Total direct industrial withdrawal use (mgd)

(1978 Price Level)

TOTAL ESTUARY WITHDRAWAL

% of Direct % of Total -
Avg. Ann. Industrial With- Estuary With- %4 of Total
Costs (b) drawal Costs drawal Water Use Avg Ann Costs
($ Mi1) (b)/$6.3022 (a)/5391.3183 (b)/$19.807%
(4) (5) (6) (7
$2.069 32.8 95.1 10.4

Total average annual costs for direct industrial withdrawal use (see Table 1~7, Column 13).

3)current total estuary withdrawal use (mgd)

Total average annual costs (50-year period of analysis) for all estuary withdrawal use {see Table 1~7, Column 14)



o COMPARISON BETWEEN COSTS DURING A DROUGHT AND AVERAGE ANNUAL SALINITY-

RELATED COSTS. Table 1-11 displays a comparison of maximum annual

salinity-related costs for the drought water year (WY) 1965 with average
annual costs for the 50-year period of analysis. Key poinfs revealed by the

comparison are discussed below:

a. For WY 1965, total salinity-related costs incurred were 48.6%
higher than the 50-year average annual value. Municipal system use accounted
for 59.5% of the difference, and direct industrial withdrawal use accounted

for the remaining 40.5%.

b. All water-use categories realized increases in costs (with
percentage changes ranging from 24.8% to 104.1%).

c. For total municipal system use, the percentage increase was 42.47%.
Of the subcategories, domestic water use showed, by a large margin, the
greatest increase in dollari cost ($4.169 million), but the lowest relative

increase (38.2%).

d. The percentage increase for direct industrial water use was 61.8%.
As shown in Table 1-11, though, this was an average percentage that was a
result of-the offsetting effects of, a) three lower percentage increases
((intake systems (43.9%), recirculating cooling (28.6%), and boiler feed
(24.8%)), and b) two higher percentage increases (process (85.2%) and
sanitary and other (104.1%ﬂ).} Process had the most notable increase in
dollar costs ($2.275 million). The sanitary and other subcategory, becausg
of its small amount of water use relative to other direct industrial
withdrawal categories, increased im costs by énly $0.329 million despite

incurring the largest percentage increase.
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TABLE 1-11

COMPARISON OF MAXIMUM ANNUAL SALINITY-RELATED COSTS (WATER YEAR 1965)
WITH AVERAGE ANNUAL COSTS FOR 50-YEAR PERIOD (WY 1928-WY 1977)
(Costs in Million of Dollars)

(1978 Price Level)

ANNUAL SALINITY-RELATED COSTS ‘ CATEGORY COSTS AS PERCENTAGE OF
- ’ TOTAL COSTS
Differenée Difference
50-Year Water Water Year 1965 50-Year Water Year Water Year
Average Year minus Average © 1965 19652 minus
Water Use (a) (b) 50-Year Average )4 % 50-Year
Category (Y) (2) $ z (a)/$19,807 (b)/$29.426 average %
(1) (2) (3) 4) - (5) (6) (n (8)
Municipal Systems: A
Domestic , $10.918 $15.087 $4.169 38.2 55.1 51.3 -3.8
Municipal Suppliers 0.614 0.975 0.361 58.8 3.1 3.3 +0,2
Industrial/
Commercial 1.361 2.190 0.829 60.9 6.9 ' 7.4 +0.5
Institutional ©0.612 0.976 0.364  59.5 3.1 3.3 0.2
TOTAL MUNICIPAL* 13.505 19.228 5.723 42.4 68.2 65.3 -2.9
Direct Industrial
Withdrawal:
Once-Through Cooling 0.120 0.199 0.079 65.8 0.6 0.7 +0.1
Recirculating : _
Cooling 0.672 0.864 » 0.192 28.6 3.4 2.9 -0.5

Boiler Feed 0.455 0.568 0.113 24.8 2.3 1.9 0.4

Pl‘OCeSS 2' 670 4.945 2- 275 8502 13-5 - ].608 +303



Water Use
Category

(1)
Sanitary and Other
Intake
TOTAL ~ *
DIRECT INDUSTRIAL
WITHDRAWAL
TOTAL - All *

ESTUARY
WITHDRAWAL

TABLE 1-11 (Con't)

COMPARISON OF MAXIMUM ANNUAT, SALINITY-RELATED COSTS (WATER YEAR 1965)
WITH AVERAGE ANNUAL COSTS FOR 50-YEAR PERIOD (WY 1928-1977)

(Costs in Million of Dollars)
{1978 Price Level)

ANNUAL SALINITY-RELATED COSTS

Difference
_50-Year Water Water Year 1965
Average Year minus
(a) (b) 50-Year Average
(Y) (2) $ %
(2) (3) (4) (5)
0.316 0.645 0.329 104.1
2.069 2.977 0.908 43.9
6.302 10.198 3.896 61.8
19. 807 29,426 9.619 48.6

(Y) See Table 1-7, Column 1-14,
(Z) See Table 1-7, Column 1-14.
* May not total exactly due to rounding

CATEGORY COSTS AS PERCENTAGE OF

TOTAL COSTS
Difference
50-Year Water Year Water Year
Average 1965 1965 minus
% % 50~Year
(a)/$19,807 (b)/$29.426 average. %
(6) (7 (8)
1.6 2.2 +0'6
10.4 10.1 ~-0.3
31.8 34.7 +2.9
100% 100% -




e. Comparing average annual salinity-related costé to the salinity~
related costs solel& for the maximum annual cost water year (1965) (see Table
1-11), i; was determined that the relative percentage of costs to municipal
system users to the costs fof direct industrial withdrawal users did not
significantly differ. Municipal system users costs showed a slight decrease
of 2.9%, dropping from 68.2% of average annual salinity-related costs to
65.3% of salinity-related costs for water year 1965. Of course,
concurrently, direct industrial users incurred an offsetting 2.9% increase

(from 31.8% to 34.7%) in their share of total costs.

e ANALYSIS OF THE PERCENTAGE CHANGE IN THE RELATIVE MAGNITUDE OF COSTS:

(1) Municipal System Users. As shown in Table 1-11, domestic use

manifests a loss of 3.8%7 of total salinity-related costs in comparing its

percentage share of average annual costs to the costs for water year 1965

(dropping from 55.1% to 51.3%Z). The other three municipal water use

categories all displayed slight increases (0.5%Z or less).

(2) Direct Industrial Withdrawal Users. The six subcategories

displayed mixed results in direction of change when comparing water year 1965
costs with the 50-year average annual costs. Process had the most
significant increase (3.3%), while once-through cooling and sanitary and
other showed small rises (0.1% and 0.6%, respec:ively). On the other side of
the ledger, small decreases in the pefcéntage share of costs were determined
for the recirculating cooling (0.5%Z), boiler feed (0.4%), and intake system

(0.3%) categories.
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o COMPARISON OF COSTS FOR HIGH-SALINITY WATER YEARS:

(1) Municipal System User and Direct Industrial Withdrawal User

Categories. An analysis [(see Table 1-12) determined that the relationship
. |

'

between municipal system}user costs and direct industrial withdrawal user

costs did not fluctuate tio a significant extent for water years with the
highest salinity costs. Appropriate water years were selected from the
summation data in Table 1-7, and included the following drought years:

1962-66, 1931-32, and 1942.

(2) Domestic and Process Use. An additiomal analysis, using the same

'
'

eight highest salinity cost water years as above, was conducted for two

sub-categories, domestic;and process use. These two uses displayed in Table
|

1-11, the greatest fluct#ation in percentage of total annualized salinity-

related costs for the SO{yeér period of analysis in relation to percentage of

total costs solely for w%ter year 1965. Table 1~13 shows that, on the whole,

domestic user costs tended fo increase slightly compared to the 50-year

average,; as a percentage of total costs, for the eight highest salinity cost

water years.
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TABLE 1-12

COMPARISON OF MUNICIPAL SYSTEM AND DIRECT INDUSTRIAL
WITHDRAWAL COSTS FOR EIGHT HIGHEST SALINITY COST WATER YEARS
(1978 Price Level)

ANNUAL COSTS, MILLIONS OF DOLLARS ANNUAL COSTS PER CATEGORY AS PERCENTA

OF TOTAL ANNUAL COSTS

‘ Direct Direct
Municipal Industrial Municipal Industrial
System Withdrawal All System Withdrawal
Water Users Users Users Users users
Years (a) (b) (c) (a)/(c) (v)/(c)
(1) (2) (3) (4) (5) (6)
1965 $19.228 $10.198 $29.426 65.3 34.7
1966 17.704 8.021 25.726 68.8 31.2
1964 16.502 8.979 25.481 64.8 35.2
1932 17.381 7.673 25.054 69.4 30.6
1931 16.932 7.998 24.929 67.9 32.1
1963 15.454 7.575 23.029 67.1 32.9
1942 14.633 8.095 22.728 64.bs - 35.6
1962 15.372 7.235 22.607 68.0 , 32.0

(1)High total-cost years for all users during 50-year period 1928-1977 listed in
descending order of total annual salinity-related costs incurred by all users.

(a) See Table 1-7, Column 6.

(b) See Table 1-7, Column 13.
{c) See Table 1-7, Column 1l4.
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TABLE 1-13
!
COMPAR ISON OF pOMESTIC AND PROCESS USER SALINITY-RELATED COSTS
FOR EIGHT HIGHEST SALINITY COST WATER YEARS

; (1978 Price Level)
|

ANNUAL - COSTS, MILLIONSEOF DOLLARS ANNUAL COSTS PER CATEGORY AS A PERCENTAC
‘ OF TOTAL ANNUAL COSTS
Industrial Industrial
Domestic Process ‘ All Domestic Process
Water = Users Users Users : Users ‘ Users
Years (a) (b) (c) (a)/(c) (p)/(c)
D) (2) (3 ’ (4) (5) (6)
1965 $15.087 $4.945 ‘ $29.426 51.3 16.8
1966 13.979 3.658 25.726 54.3 14.2
1964 . 13.105 4.268 25.481 51.4 16.8
1932 13.746 3.411 25.054 54.9 13.6
1931 13.417 3.507 : 24,929 53.8 14.1
1963 12.340 3.141 23.029 53.6 13.6
1942 11.741 3.436 22.728 51.7 15.1
1962 12.280 2.994 22.607 54.3 13.2

(a) See Table 1-7, Column 3.
(b) See Table 1-7, Column 10.
(c) See Table 1-7, Column l4.

1-74




FUTURE SALINITY-RELATED COSTS

"Future salinity-related costs were projected to the year 2030 using available

future water use projections.

) WAIER USE PROJECTIONS. Water use by various categories were projected to
year 2030. Year 1978 served as a base from which projections were made. |
Indices for water uses in the various categories (1978 index equals 100) were
then projected for each of the decennial years from 1990 to 2030. The
indices for water use projections are listed in Table 1-14. The water use
indices for the residential, industrial and commerciél (combined), and
institutional categories were estimated using projections developed for the -
Camden Metropolitan Urban Study, a study completed by the Philadelphia
District, Corps of Engineers, in April 1980. The Camden Metropolitan Urban
Study projections to the year 2030 depicted an increase in water use for the-
above four categories. The once~through cooliné index shown for 1990 is
based on the Pennsylvania Department pf Environmental Resources (Pa DER)
projection of a decline in eleétric generating station once-through water use
from 1978 to 1990 as utilities change over from once-through to reci;culating
cooling systems. This downward trend has been extrapolated for the decennial
years after 1990. The recirculating cooling index listed for 1990 is also
based on Pa DER's projections, with the indices for decemnial years after

1990 being a continuation of the trend of a ten percent increase each decade.

"A number of projection sources werevaﬁalyzed during the selection of the
water use indicies listed in Table 1~14. The DRBC's Level B Study
projections were not considered directly applicable to this study since these
projections dealt predominantly with depletive usage (whereas much of the
water withdrawn by users analyzed in fhe current study is eventually returned

to the system). Projections made by the States of Pennsylvania and New
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TABLE 1-14

|

WATER| USE PROJECTION INDICES
DECENNIALjYEARS, 1990-2030 (1978=100)

CATEGORY 1990 2000 2010 2020 - 2030

Residential 116 133 145 155 163
Industrial and Commercial 108 115 | 120 125 129
Institutional 109 118 125 131 136
Industrial 103 104 103 103 102
Once-Through Cooling 57 50 45 40 35
Recirculating Cooling 135 145 155 165 175

Jersey agreed fairly well with that of the Camden Metropolitan Urban Study.
The Pa DER projections were developed for 1990 and 2000, while New Jersey
Department of Environmental Protection projections extended through year
2020. Relevant projects for New Castle County, Delaware, developed by the
Wilmington Metropolitan Area Planning Coordinating Council also agreed well
with those used in this analysis. Refer to Table 1~15 for projected water

uses.

e SALINITY-RELATED COSTS. Salinity-cost relationships as described in

Appendix 2, were estimated for each typebof water use (and related
facilities). It was assumed ?hat, over time, the characteristics of the
types of water use and facilities would not change significantly. So,
modification of the salinity-cost curves on a decennial basis was not made.
The average annual salinity—rélated costs developed in Appendix 1 (summarized

in Table 1-7) in conjunction with the indices of water use projections (Table

1-14) were used as a basis to approximate the potential magnitude of salinity-
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related costs for each 10-year period from 1978-2030 (Table 1-16). As showm
in Tables 1-15 and 1-16 municipal system water use and costs display a fairly
significant rise over the period of.analySis (predominantly due to a large
increa§e for the domestic category). Conversely, direct industrial
withdrawal water use (Table 1-15) shows a decrease of approximately 56% from
1978 to 2000 (mostly due to a drastic projected drop in once-through cooling
useage). Related direct industrial withdrawal costs though would only
slightly diminish, since once—through cooling systems incur only very low
levels of costs in relation to the magnitu&e of water used. Thus, overall

total water use is expected to diminish significantly, while salinity-related

costs are projected to rise 35% from 1978 to 2030.



TABLE 1-15

PROJECTED WATER USES (in million gallomns/day)
1978 to Year 2030

CATEGORY : 1978 1990 2000 2010 2020 2030

Municipal System Use:

Dome st ic 144.1 167.2 191.7  208.9 223.4 234.9
Industrial/Commercial 791.1 98.4 104.8 109.3 113.9 117.5
Institutional 28.8 31.4 34.0 36.0 37.7 39.2
Municipal Facilities (@) 264.0 297.0 - 330.5  354.2 375.0 391.6

Direct Industrial Withdrawal Use:

Once-Through Cooling 4857.0 2768.5 2428.5 2185.7 1942.8 1700.0
Recirculating Cooling $22.3 30.1 32.3 34.6 36.8 39.0
Boiler Feed 15.7 16.2 16.3 16.2 16.2 16.0
Process 221.0 227.6 229.8  227.6 227.6 225.4
Sanitary and Other ;11.4 11.7 11.9 11.7 11.7 11.6
Intake (b) 5127.3 3054.1 2718.8  2475.8 2235.1 1992.0
TOTAL 5391.3 3351.1 3049.3  2830.0 2610. 1 2383.6

(a) All water supplied to municipal system users is drawn through municipal facilities.

(b) All water withdrawn for direct industrial use is drawn through intake systems.
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TABLE 1-16

SALINITY-RELATED COSTS
FOR PROJECTED USES (1978 to Year 2030)

1978 Price Level (in millions of dollars) :
CATEGORY 1978 1/ 1990 2000 2010 2020 2030
‘Municipal System Use:
Domestic $10.918 $12.665 $14.521 $15.831  $16.923 $17.796
Industrial/Commercial 1.361 1.470 1.565 1.633 1.701‘ 1.756
Institutional 0.612 0.667 0.722 0.765 0.802 0.832
Municipal Facilities © 0.614 0.691 - 0.769 0.824 0.872 0.911

Direct Industrial Withdrawal Use:

Once-Through Cooling 0.120 0.068 0.060 0.054 0.048 0.042

Recirculating Cooling 0.672 0.907 0.974 1.042 1.109 1.176
Boiler Feed 0.455 0.469 0.473 0.469 0.469 0.464
Process 2.670 2.750> 2.777 2.750 2.750.- 2.723
Sanitary and Other 0.316 0.325 0.329 0.325 0.325 0;322
Intake ' 2.069 1.232 1.097 0.999 0.902 0.804
TOTAL 19.807 21.244 23,287 | 24.692 25.901  26.826

1/ Average annual cost for period of water years 1928~1977 (see Table 1-7).
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APPENDIX 2
ECONOMIC INVESTIGATION
DEVELOPMENT OF SALINITY-COST RELATIONSHIPS

INTRODUCTION

This appendix presénts the development of salinity-cost relationships for
withdrawal users of estuarine water. Uses include municipal (domestic,
industrial, commercial, and institutional users), and direct industrial
withdrawal (oﬁce—through cooling, process, recirculating cooling, boiler

feed, sanitary, and intake systems).
OVERVIEW

The economic investigation is concerned with the econoﬁic cost of salinity
in the Delaware estuary. Salinity, defined as total dissélved solids (TDS),
is naturally.present in low concentrations in the freshwater inflows to the
estuary. In the lower part of the estuary, however, IDS concentrations are
increased substantially by the intrusion of salt water from the ocean. The
extent of this intrusion is a‘function of the time-varying tides and

freshwater inflows.

This investigation is concerned strictly with the economic costs of salinity,
not with what determines the levels or patterns of salinity or how they

might be controlled.

COSTS

Costs of salinity to withdrawal users include costs to 1) direct industrial
withdrawers, and 2) direct municipal water supply withdrawers and their

industrial, domestic, commercial, and institutional customers (indirect



users). Major cost categories are 1) costs of investment in more corrosion-
resistant facilities and in treatment facilities to avoid or reduce the .
effects of salimity, 2) costs of alternate water supply sources for periods

v |

of very high estuarine salinity, 3) costs of treatment chemicals, and
S i
4) costs of repair and early replacement due to the corrosive effects of

salinity.
DIRECT WITHDRAWAL USERS

Fifty-six industrial plants and three municipal water supply systems have
been identified as direct withdrawers of water from the Delaware estuary
(1978 Survey). Table 2-1 presents total direct withdrawal by 3-~digit

Standard Industrial Cléssifiéation (SIC) Codes for industrial uses.
|
Withdrawal by the municipal Qater supply systems is also listed. Figure 2-1

I
shows the locations of industrial water users (by SIC Code) and municipal

water supply systems.

FRAMEWORK AND PROCEDURES FOR ESTIMATING SALINITY-COST RELATIONSHIPS FOR
WITHDRAWAL USERS

OVERVIEW

This section outlines the fgamewqu and procedures used in the development
and estimation of salinity—éost relationships. The framework encompasses
the identification and classification‘of different kinds of relationships
and, conceptually, how to iﬁtegrate these relationships. The procedures
discuss the use of differené information sources, salinity-cost relationship

modelling for different types of use, and the selection of appropriate

interest rates and cost indices.

2-2



TABLE 2-1

‘INTAKE WITHDRAWALS
A. TOTAL DIRECT INDUSTRIAL WITHDRAWAL USE (1978 Survey)

: Inventory Percent
Rank . SIC Industry ‘ Water Use (mgd) of total (%)
1 491 Electric Generation 2,185.9 42.63
2 493 Utilities 1,664.7 : 33.47.
3 291 Petroleum Refining 600.6 11.71
4 281 Inorganic Chemicals 245.6 4.79
5 331 Steel Works 234.2 4.57
6 206 Sugar and Confectionary
. Products _ 35.9 0.70
7 351 Non-Electrical Machinery 31.3 0.61
8 971 Naval Shipyard 28.9 0.56
9 492 Gas Production and Distribution 24.3 0.47
10 307 Plastics 22.0 0.43
11 262 Paper Mills 19.9 0.39
12 282 Plastic Materials and Synthetics 11.2 0.22
13 289 Chemical Products 7.2 0.14
14 285 Paints and Allied Products 3.7 0.07
15 207 Fats and Oils 3.3 0.06
16 373 Ship Building 2.6 0.05
17 367 Electric Machinery 2.1 0.04
18 356 General Industrial Machinery 1.4 0.03
19 263 Paperboard Mills 1.2 0.02
20 266 Building Paper Mills 0.6 0.01
21 295 "Paving and Roofing Material 0.3 0.01
22 284 Toilet Preparations 0.3 0.01
23 229 Textile Products 0.1 0.01
' TOTAL 5,127.3 100%

NOTE: Numbers may not add due to rounding.

B. MUNICIPAL SYSTEM WITHDRAWAL USE (1978 Survey)

Rank Municipal System Water Use (mgd) Percent of Total (%)
1 Torresdale 250 94.70%
2 Lower Bucks County 9 3.41%
3 Bristol 5 1.89%
TOTAL 264 ' 1007
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FRAMEWORK FOR ESTIMATING SALINITY-COST RELATIONSHIPS

Three types of salinity related costs were identified. Costs of the first
type, termed "investment" costs, depend on expected levels and pattefns of
salinity, but not on actual or experienced day-to-day variations in
salinity. Costs of the second type, termed "contingency' costs, depend on
experienced salinity being above a certain critical level, but not on the
day-to-day variations in the experignced levels of salinity once the
critical level has been reached. Costs of the third type, termed "daily-
salinity" costs, depend on the day—to—day variations in salinity, (i.e., the
actual experienced levels of salinity). The terms '"investment",
"contingency", and "daily-salinity" are always placed in quotation marks in
this report when used to refer to salinity costs. The reason is to avoid
confusion with accounting phraseology for the terms investment and daily (or
operating) costs. "Investment" costs include operation, ﬁaintenance,
repair, and replacement costs that are associated with investment for
salinity avoidance or to improve salinity tolerancé, but that are not
related to experienced salinity levels. Conversely, '"daily-salinity" costs
include the shortening of investment life as well as facilities, maintenance
and repair costs from corrosion, and treatment-chemigal and other operating
costs. "Daily-salinity" costs depend on day-to-day (i.e., experienced)
levels of salinity, and are not "investment' type costs, despite the fact

that shortening of investment life is involved.

These distinctions are important because the costs involved depend on

different measures of salinity, and this factor is essential in the

development of the salinity-cost relationship estimates.

The three types of salinity-related costs and the framework for their

analysis are fully discussed in the following paragraphs.
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" INVESTMENT" COSTS

In order to avoid or reduce:the cost effects of salinity, withdrawal users
formulate and implement various investment decisions taking into account
expectations concerning levels and patterns of salinity. These include

investments in:

a. More salinity resisﬁant wmaterials.

b. Treatment facilitieé.

¢c. First cost of standby alternative water supply systems for periods
of unusually high éalinities.

d. Types and capaciti@é of operating equipment and processes.

The expected patterns as wéll as levels of salinity may be important in an
investment decision. Investment in treatment facilities would depend on
some design ﬁaximum expected salinity. Investment decisions concerning
construction of standby alternative facilities woﬁld clearly depend on the
anticipated range and variance of salinity. Investment in salinity

resistant materials, however, is predicated mainly on expected average

levels of salinity.

"Investment" costs will tend to be greater in a location with relatively
“high salinity levels than in locations with either medium or relatively low

levels of salinity. The form of the relationship is shown in Figure 2-2.

Figure 2-3 depicts the "investment' costs-experienced salinity
relationship. In a low salinity area of the Delaware estuary, experienced
salinity is envisioned to vary over a range from a to b. '"Investment"

costs, in dollars per million gallons of water use ($/MG)*, do not vary with

* The procedures for estimating and expressing investment cost in $/MG of
water use are discussed in subsequent sections.
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experienced salinity over this range, but are fixed at level g. This

level, however, is applicable only to this particular location (i.e.,
having this level and range of expected salinity). At a medium salinity
location in the estuary, "investment" cost in $/MG will be at a higher
level, h,*but.still fixed at h with respect to variatioﬁ in experienced’

salinity over the range of variation from ¢ to d. Figure 2-3 also shows

~ that for any particular level of experienced salinity, for example, y,

there can be different investment costs (in the case shown, g for the low
salinity location, and h for the medium salinity location), depending on

the withdrawal location in the estuary.

"CONTINGENCY" COSTS

The major "contingency" cost entails a potential switch to an alternate
source of water above a defined critical experienced estuarine salinity
level. A second possible 'contingency" cost involves the shutting down of a

product line above a critical experienced salinity level.

The form of the relationship involving a switch at a critical experienced
salinity level is shown in Figure 2-4. The “contingency' cost per MG is

zero below the critical experienced salinity level, or switchover point,

because the alternate source is not used, and is relatively fixed above the

critical salinity level with respect to experienced salinity for the

alternate source.

In addition to switching based on experienced salinity levels, users will
switch to an alternate source for supplying certain uses when expected
salinities rise above certain criterion levels. For example, fewer users

employ estuarine water for sensitive uses such as boiler feed and process



—
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water ip higher salinity estuary locatiohs. This suggests that if expected
estuarine salinities (which are usually some measure of past experienced
salinities) rise, users will be increasingly apt to switcb to altérnate
sources, depending on the sensitivities to salinity for the various uses.
The cosﬁs of switching to an alternate source based on expected salinity are
here also classified as "contingency" costs. These "contingency" costs must
be carefully delineated as separate from the "investment” costs incurred for
the cost of initial construction of the standby alternate water supply

systems (as discussed on p. 2-5, 2-6).

"DAILY-SALINITY" COSTS

Cost of water use varies with experienced day-to-day levels of salinity and

includes the following categories:

a. Reduction in life of facilities because of cqrrosion; that 1is,
early replacement or reduced-life-span costs.

b. Facilities maintenance and repair costs due to the corrosive
effects of salinity. This would include increased downtime as well as
the direct costs of maintenance and repair.

c. Treatment chemical and other operating costs that vary with
salinity levels. These costs would include the use of soaps and
cleansers due to hardness associated in water salinity, and the use of

sodium chloride as the regenerant in water softeners.

These three cost categories are termed operation (item c), maintenance (item b),
repair (item b), and replacement (item a), or, taken together as the total

"daily-salinity" costs, OMRSR (operation, maintenance, repair, and replacement).
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"Daily-salinity" costs will rise with increases in experienced, day-to-day .

salinities. The level of these costs, however, will be predicated on the

level of investment undertakén to reduce or avoid these costs. This is
shown in Figu;e 2-5. "Daily;salinity" costs per MG of the same type of
water use, for a particular ;xperienced salinity level, typically will be
lower in thé higher salinityilocations where greater investment for the
avoidance of salinity damage%will h;ve been made. Thus, in Figure 2-5, at a
given salinity level S, the ﬁdaily—salinity" cost is higher in the

low-salinity location than in the medium-salinity location or the high-

'
|

salinity location.

INTERGRATING THE COST FUNCTIONS, AND TOTAL SALINITY COSTS
|

e INTERGRATINC "DAILY—SALINITY"'AND "CONT INGENCY" COSTS. ‘"Daily-salinity"
costs are variable costs tha& can be avoided by switching to an alternative
source. They are variable, ias opposed to fixed or sunk, which are terms .
that characterize "investment" costs. While the "daily-salinity" cost
(which are due to experiencéd estuary salinity) can be avoided by switching
to an alternate source, the variable cost of purchasing the alternate
source and variable costs e%perienced from the salinity levels of this
alternative source would beéincurred. The economic switchover point for
swiﬁching from one source oﬁ water to another will depend on the
comparative variable costs Jf water from each source. Estuarine water will
be used at salinity levels where its variable costs per MG of water use are
lower than the costs related to use of the alternative source, and,
conversely, alternate source water will be used where its costs per MG of

water use are lower than the variable costs associated with use of the

estuarine water.
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The costs for the alternate water source will include the use charges for
the water and the cost resulking from the level of salinity in this
alternate water. Alternateésource use charges and salinity:costs will nof
depend on (i.é., will not be fixed with respect to) experienced estuarine
salinity, since it is assumed that the alternate source is a true alternate,
and not just an indirect sou&ce of estuarine water displaying the same

salinity variation characteristics as the estuarine water.

Figure 2-6 depicts the integration of "daily-salinity" and '"contingency"
costs for a single estuariné location and for one particular alternate
source of water. The "daily-salinity" costs are of a lower magnitude than
the variable costs of alternate source water in the experienced salinity
range from a to the switchofer point C, and are, thus, borne in that range,
wpile the "contingency' costs, k, are of lower magnitude than the
"daily~-salinity" costs in tﬁe experienced salinity range from C to b, and

afe, thus, borne in that raége.
|
(1) An Individual User 'Utilizing an Alternate Source for Certain Uses

Only. This category entails, for an individual user, an alternate source
for one type of water use, for example, boiler feed, but not for another,
such as once-through cooling. In the situation depicted in Figure 2-7, 1if
B.F. represents the 'daily-salinity" cost curve for boiler feed water, and
alternate sourée water is available at unit cost k, rational decision-making
will necessitate a switch to alternate source water at salinity level C,
with "contingency" costs, at level k, borne at salinities above point C.
If, on the other hand, C.W. is the "daily-salinity" cost curve for once-
through cooling, then there;will be no switch to alternate source water for
this use over the depicted experienced salinity range ab, bgcause k 1is

always greater than the costs along the C.W. curve.
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(2) "Contingency" and "Daily~Salinity" Costs as Related to Locations.

It has been shown that "daily-salinity" costs will vary with the location
of withdrawal in the estuary. The costs can be expressed as the function:
Cps ("daily-salinity" cost) = fgp(s), where R = River mile of withdrawal
intake and s is experienced salinity. '"'Contingency'" costs will also vary, -
not according to experienced salinity, but rather according to use charges
for alternate-source water in different locations (or pumping costs for a
groundwater alternative), and the level of salinity of the alternate
source. C,  ‘"contingency" cost, will be equivalent to the . function Kp,
wﬁere R = River Mile of the alternate source intake. The total salinity

cost function would then be represented in two segments, each in $/MG:

CTR1 = Cpsr = fr(s); s == C, the switchover point.

CrR2 = CR=Kg; s =C
Where:

CIRy, CIRy = The two segments of total éalinity cost function; CIRj
delineates the segment below the switchover salinity point, CIR,
delineates the segment above the switchover salinity point.

e INTEGRATING "INVESTMENT" COSTS WITH "DAILY-SALINITY" AND "'CONTINGENCY"

COSTS TO ARRIVE AT TOTAL SALINITY COSTS. With costs expressed in $ per

million gallons, "investment” costs are added vertically to "daily-salinity”

costs, or to "daily-salinity" and "contingency" costs over different
segments, to arrive at the total salinity costs (as depicted in Figure
2-8). The simple case, for one withdrawal user, is shown in Subfigure
2-8a, where only "daily-salinity" and "investment" costs are involved.
Subfigure 2-8b shows a case where "contingency' costs are also ipvolved.
For the former, C; = cpg + Cp over the enti;e range of experienced

salinity, ab. For the latter:
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Cr = Cps + Cp, s=D;

and Cp=Cc+Ci, s =D

where: . CT = Total salinity cost, $/MG .
Cpg = '"Daily-salinity” cost, $/MG
Cc = "Contirgency' cost, $/MG
C; = "Investment" cost, $/MG

D = Switchover point, mg/1l

s = Experienced salinity, mg/l

a = Lower end of experienced salinity range, mg/l
b = Upper end of experienced salinity range, mg/l

Figure 2-9 shows the addition of "investment" costs (Ci) to "daily-

salinity" costs (CDS) for low (L), medium (M), and high (H) salinity

estuary locations. For simplification, '"contingency" costs are assumed to
be zero. ' "Investment' costs are highest in the high salinity area because
of the high expected salinities, and thus, relatedly, "'daily-salinity'' costs
are lowest. Total salinity costs are lowest in the low salinity location
when low salinities, thoée ranging from a to x in Figure 2-9 are
experienced; lowest in the high salinity location when high salinities, -
those ranging from y to z in Figure 2~-9, are experienced; and lowest for the
medium salinity location when medium salinities, those ranging from x to y
in Figure 2-9, are experienced. I1f, for example, in the low salinity
location there are salinities (x to y) for which total salinity costs would
havé<béen lower if the investment for the medium salinity-range had been made

(CTH rather Cpy), and salinities (y to b) for which total salinity costs

would have been lower if the investment for the high salinity range had been

made (CTM rather than Cp;). 1If, however, experienced salinities for the

low salinity location fall mainly in the a to x range, where Crp is lower

than Cpy and Cryg, the investment at the low salinity location (for the

illustration the investment is assumed to be zero) is optimum. The opposite
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is true for the high salinity location. There, the high salinity
location investment is optimum if the experienced salinities fall maihly
in the range b to z. Conversely, for salinities less than z, the total
salinity costs would have been lower if the investment for the medium
salinity location had been made (CTM rather than Cpp). (Note that

the "investment" cost for a lower salinity location cannot be added to
the “daily-salinity" cost for another location, because the investment
level itself, not the location, determines the ''daily-salinity" cost

relationships that are applicable.)
PROCEDURES FOR ESTIMATING SALINITY-COST RELATIONSHIPS
OVERVIEW

An overview of the basic procedures used for estimating sali;ity-cost
relationships is covered first in this section. Next, the proceduie for
estimating "investment'" and 'daily-salinity" costs, which involves
investment, OMR&R (operation, maintenance, repgir, and replacement), and the
applicable interest rates are described. Equation summaries of the
different types of salinity-cost relationships are given. Then, the effect
which the level of the interest trate used will have on the cost estimates
for the different salinity-cost relationships is presented. Finally, the
use of constant value dollars and the relative unit costs of facilities

involved is addressed.

. THE BASIC PROCEDURE

The basic procedure for estimating salinity-withdrawal user cost relation-

ships was to model the relationships for various types of water uses and
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I
systems, using information o&tained from surveys, interviews, and the

literature, and inputting economic inference, engineering knowledge,

experience, and judgement.

'

Salinity-cost relationships for domestic water uses were based on models and
coefficients develoﬁed by Ti#ansky (1974). Tihansky's fesults were verified
! v
with results obtained by Patterson and Banker (1968) and McDonald, Barnmey and
Smith (1978) in similar stud&es. Saiinity—cost relationships for municipal
supply and waste treatment systems were modelled using interview information
from system man#gers, model coefficient information provided by Tihansky
(1974), and engineering inputs. Relationships for industrial uses were
modelled using information from the Delaware River Basin Commission's 1976
Survey of Industrial Users and updates of that Survey conducted during this
investigation (including person-to-person meetings with users). The specific
details of these surveys are on file in the Philadelphia District Office.
|
The information from the suﬁveys was utilized in conjunction with
engineering inputs, Tihanskyfs model, and coefficient relationships for

industrial facilities and equipment similar to certain household facilities

and equipment to develop salinity-cost relationships for industrial uses.

The development of these models, the types of water use and facilities to
which they apply, and the use of different sources of information are
described below. In each case, the estimation was by type of facilities or
use: for domestic uses thege included, pipes, appliances, clothing, use of
soaps and cleansers, softengrs etc.; for municipal systems; production
facilities, distribution sygtems, meters, etc.; and for direct industrial
uses, once-through cooling,:recirculating cooling, boiler feed, process

(including contact cooling), sanitary, and intake systems.
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Industrial uses and systems, except process, were found to be non-specific
to individual SIC codes. It was ascertained that even with process uses,
the salinity effects were mainly, if not exclusively, effects on equipment
involvgd and not on the product. Because of this factor, a generalized
salinity-cost relationship was determined to be éppropriate for process use.
In application, the by-use relationships were applied directly to estuarine

water use by direct industrial withdrawal type.

The potential impact Qf high-salinity duration on salinity effects to
withdrawal users was investigated. A major cost effect of salinity is
corrosion. A question of importance is whether materials become either
increasingly immune, or conversely, increasingly sensitive,’to experienced
salinity after extended periods of high salinity. Unfortunately, while
salinity duration-cost relationships may exist, an in depth literature
search and interviews conducted during the investigation were not able to
elicit information to document or quantify such relationships or indicate
their most likely directiom if, in fact, they do exist. 1In the absence of
any information on sensitivity or immunity effects, no salinity duration

effects have been included in the salinity-cost relationships.

ECONOMIC PROCEDURES FOR ESTIMATING "INVESTMENT" AND "DAILY-SALINITY" COSTS

INVOLVING INVESTMENT, OMR&R, AND THE INTEREST RATE

This section presents in generalized, but rigorous, mathematical form, the
economic procedures that were used for estimating salinity-cost relation-
ships for thesé two cost categories. In the analysis, the cost units used
for expressing the salinity-cost relationship are dollars per million
gallons of water use ($/MG). Note that “"contingency" costs are not

pertinent to this section's discussion.
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e ''INVESTMENT" COSTS. Saliqity-related "investment'" costs involve

investment related to the exéected level of salinity and directly
associated OMR&R (operation, maintenance and repair, and replacement)

costs. The directly associaéed OMR&R annual costs are those associated
with or necessitated by the investment, but not related to the levels
of experienéed salinity. Foé example, Tihansky (1974) reports that
softeners in domestic service need replacement approximately every 12

years, but that this service.length does mnot vary with experienced

levels of salinity.

Information was obtained eitﬁer directly on salinity-related investment, or
on total investment at diffe%ent levels of expected salinity (in which case
the salinity-related investm%nt was calculated to be the total investment
minus the investment at zero&expected salinity). Salinity-related

\
investment multiplied by the| interest rate is equivalent to the annual

interest cost portion of theg"investment" cost. Directly associated OMR&R
annual costs are a function of the level of investment. The addition of the
interest cost portion and th? OMR&R portion gives the total "investment"
cost.

e "DAILY-SALINITY" COSTS. ﬁDaily-Salinity" costs involve only the OMR&R

costs that are associated w%th experienced levels of salinity predicated on
predetermined levels of invéstment for withdrawal users. As with investment,

information was obtained either directly, or by obtaining information on

total costs and then subtracting the costs inherent at zero salinity.

The reduction-in-life-of-facilities cost is a replacement cost. This cost
j

is calculated as the saliniﬁy—related investment multiplied by the

amortization portion of the capital recovery factor.
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The OMSR (operation, maintenance, and repair) portion of the OMR&R costs
that are directly related to experienced salinities are a function of these
salinities as well as the level of investment. Thus, the total
"daily-salinity" cost is the sum of the reduction-in-life (or replacement)

and the OM&R costs, (i.e., the total OMR&R costs).

e '"'INVESTMENT" AND "DAILY-SALINITY'" COSTS IN EQUATION FORM AND THE USE OF
THE INTEREST RATE. The interest rate, r, is equivalent to the interest
portion of interest and amortization factors, which together comprise the

capital recovery factor (CRF). The formula for the CRF is derived as

follows:
CRF = r (the interest factor) + r (the amortizatiom factor)
' l+r)noy
= (1+0)"r
(1+1)P-1
where: n = Length of Life

r Annual Interest Rate -

The interest factor is calculated by direct application of the interest
rate only. Thus, interest costs (the interest cost portion of
"investment" costs) depend only on this rate and the investment, I, not
on length of life of facilities, (i.e., not on how frequently the

investment must be replaced).

(1) M"Investment" Costs. In equation form, the interest portion of the

"investment" costs (on a $/MG basis) is:

Cr ; ($/MG) = 1($)r
Q (mgd) 365 (days)
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where: Ci ; = Interest portion of “"investment" cost in

$/million gallons

I = Investment in $'s (1978 price level)

b Interest Factor

]

Q

Water use in millions of gallons per day (mgd)

The replacement cost portion of the OMR&R portion of "investment" costs

(CIP), in §/MG, is:

cI ($/MG) = r 1($)
P (1+1)"-1/ \Q (mgd) 365 (days)

The OM&R portiom of "investmeﬂt“ cost (C OMSR) in $/MG is:

I ($)(E I)OM&R(I)

(where f 7 oMsR (I) is the relationship between annual OM&R costs
and investment in dollars)
Total investment cost (Cp) is:

= \
Cr=Cr i+ Crp + Cr oMsR

(2) "Daily-Salinity" Costs. The reduced-life portion of the

"daily-salinity" costs (Chg p) in $/MG is:

Cps p ($/MC) = a 1 ($) |
! Q (mgd) x 365 (days)

a= T - r
\ (1+r)n-1 (1+r)m-1

length of life for experienced daily salinity level

where

where: n

B
]

1engﬁh of life at zero salinity level

[
applicable interest rate

o]
[}
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The n's are speéific to each level of experienced daily salinity and‘both
the m's and n's are specific for the associated level of expected-salinity
investment, I. The best information for actual estimation of the
relationéhip, however, is facility life for average.ievels of experienced
salinity over long periods, and for the most part, for average levels of
investﬁent covering ranges of investment. For the different levels of
investment with respect to salinity, the amortization portion only of the CRF

(i.e., r ) must be used. ’
l+r)n-j

However, if there are no differences in investment, or if an average level
of investment covering all ranges is used because of lack of information,
the CRF can be used because the interest portion is the same for all levels
of salinity and is nullified in subtracting costs at zero salinity from

costs at the levels of experienced salinity.

. f "dai - initvy" t (C L
The OM&R portion of "daily-salinity” costs (C . .3 is:

Cps OM&R ($/MG) = 1(%) (f oMar (S)(I))/dai
Q(mgd)

(where (£ 0(s)(I))/(day) is the relationship between these

OM&R costs, daily salinity levels, s, and the level of investment, I.

_ The total "daily-salinity" costs, are the sum of the life-reduction and OM&R

portions:

Cps = Cps p *+ Cps oMsRr

There will be specific values of Ci and Cpg for each withdrawal location:

Cy =Crj +Crp+ CroMsr

®bs = Cps P + C DS OMsR
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With the addition of contingency costs (C.) the total salinity cost

(CT) for each location is:

Cr = cp + opg + C¢

e FEFFECT OF THE LEVEL OF THﬁ INTEREST RATE ON COST ESTIMATES. This section
examines the effect that theflevel of the interest rate will have on the
estimated salinity costs. Tﬁis subject is discussed as a prelude to
determinaton of the choice o% interest rates for eétimating costs and for

subjecting the results to a sensitivity analysis.

Examination of the equations showed that interest costs will vary directly
with the interest rate, wheréas replacement or amortization costs will vary
inversely with the interest fate. In addition, interest costs are
independent of length of life, whereas amortization costs vary inversely

with the length of life.

i
Thus, the interest cost portion of "investment" costs will vary directly
with the interest rate used for assessing costs. For example, a 10% rate

will give two times and a 15% rate three times the costs of a 5% rate.

On the other hand, the reduced-life portion of "daily-salinity" costs, which
is an amortization cost, will vary inversely with the interest rate used.

In addition, the magnitude of the cost differential will vary substantially

with length of life.

An eiample of the effect of the interest rate and length of life on

reduced-life costs is displéyed in Table 2-2, which gives the amortization
factor for the 5%, 10%, and 15% interest rates, and for lengths of life of
various years ranging from é to 75. For a two year life, the amortization

factor of 0.47 for a 15% interest rate is approximately 95% of the
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Life, n

(years)

10

15

20

25

30

50

75

TABLE 2-2

EFFECT OF THE INTEREST RATE ON AMORTIZATION FACTORS

(REDUCED-LIFE COST FACTORS)

r

Amortization Factor, (l+r)n-1,
and its Value as a Percent of

its Value at r = 57
5% 10% 15%
Amortization Factor 0.49 0.48 0.47
Factor as % of Factor at r = 5% 100% 98% 95%
Amortization Factor 0.32 0.30 0.29
Factor as % of Factor at r = 5% 100% 947% 91%
Amortization Factor 0.18 0.16 0.15
Factor as % of Factor at r = 5% 100% 91% 83%
Amortization Factor 0.08 0.06 0.05
Factor as % of Factor at r = 5% 100% 79% 63%
Amortization Factor 0.05 0.03 0.02
Factor as %4 of Factor at r = 5% 100% 68% 40%
Amortization Factor 0.03 0.02 0.01
Factor as % of Factor at r = 5% 100% 58% 33%
Amortization Factor 0.02 0.01 0.005
Factor as %Z of Factor at r = 5% 100% - 497 25%

' Amortization Factor © 0.015 0.006 0.002
Factor as Z of Factor at r = 5% 100% 40% 157%
Amortization Factor 0.005 0.00086 0.00014
Factor as 4 of Factor at r = 5% 100% . 18% 3%
Amortization Factor 0.0013 ~ 0.000079 0.0000042

00 37°

Factor as %Z of Factor at r = 5% 100% 6%
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amortization factor for a SZﬁrate. It is lower because the undiscounted
i

annual replacement factor of 0.5 (for a two year life) is discounted

. . o - lr . [/ by
more with a 157 interest rate than with a 54 rate. The difference,
_ |

however, is noi very signifiéant. On the other hand, for a 25 year
life, the aﬁortization facto# of 0.005 for a 15% interest rate is
considerably less than (only 22% of) the factor for a 5% rate. Thus,
the higher interest rate has'a much greater effect on the discounting

of replacemeﬁt costs, the fu#ther in the future they are incurred.

Because of this, the higher the interest rate, the smaller will be the
cost of any reduction in life due to salinity effects. Also, the longer

the useful life of the facility, the greater will be the difference.

This "higher-the-interest-rate, smaller-the-costs" effect is very

important because of the greater prevalence of reduced-life effects as
opposed to interest-cost effects for withdrawal users. The following

specifics can be outlined with respect to interest cost effects:

a. For the muncipal systems interviewed, it was reported that no
salinity related investments were made. The same investment for
treating, transporting, and delivering water and handling wastes
would have been made i& salinities had been equal to zero. This
conforms with engineering-experience inputs for modelling. The
system cost differences incorporated in the system models were
size related, not salinity related.

b. For domestic systems, except for the level of investment in
+  softeners based on expected hardness (which is TDS related) there
does not appear to be'specxal salinity resistant plumbing,
appliances, clothing etc., available for purchase. In the
models, except for softeners, no salinity related investments
were assumed, based on engineering inputs.

c. For many industrial water-handling systems, the same investment
is made that would be made if salinity were zero, and this
applies even for withdrawal users located well down into the
estuary. This is suppprted by both survey results and
engineering experience.
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On the other hand, with respect to reduced-life effects, there are
substantial effects dependent on estuarine withdrawal locations. Given the
comparative "universal" occurreﬁée of reduced-life effects to withdrawal
users,‘the higher the interest rate used for estimating costs, the lower the

estimated total salinity costs for withdrawal users are.

e INTEREST RATES CHOSEN FOR ANALYSIS. interest rates were selected based
on the market rates of recent years. These are relatively higﬁ in relation
to the long-term historical average. However, it must be emphasized that
using these rates rather than lower long-term average rates gives a downward
(i.e., conservative) rather than upward bias to presenﬁ-worth cost

estimates. Sensitivity tests have been performed to verify this conclusion.

In the preliminary analysis stage, two approaches were used in applying
interest rates. One was based on monetary costs to individual users. For
this, an interest rate of 15% per year was used for estimating costs to

industrial users, 10% for domestic users, and 5% for municipal systems.

The 15% for industrial users was chosen to reflect approximately current
corporate costs of money, shaded downward somewhat from the upper range of
the most recent rates (which are extremely high based on historical
precedence). Corporate costs fluctuate depending on the mix of debt and
equity, how income taxes are treated, whether the nominal interest rate or
the interest rate corrected for inflation is used, and whether long-term
average or most recent interest rates are applied. For these reasomns,’

sensitivity tests were performed using a 10% and a 20% rate.

For domestic water users, the 10%Z rate reflects the approximate rate for new

home mortgages in recent years shaded downward from the alarmingly high
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recent rates which have been,in the 15-18% range. Results were tested using

a 5% rate (approximately the return to private individuals from savings

accounts) and a 15% rate.

For publicly held municipal éystems (the thfee municipal systems withdrawing
estuarihe water are publicly:held), the 5% rate reflects the approximate
current cost of money to public agencies, again shaded downward somewhat
from recent rates. Here, raﬁﬁer than testing against a lower interest rate
(which, as was indicated pre%iously, has the effect of increasing the
estimated costs of salinity), costs were tested with respect to the current
7 5/8% Federal discount rate and a 15% rate. Costs to the three municipal
systems and institutional users are approximately 10% less at 7 5/8% than at
5%. Since these two categories of water use comprise only 6;2Z of total
average annual costs (see Table 1-8), the overall impact of using the 5%
rate, instead of the 7 5/82 fate, is relatively very insignificant. The 15%

would be the rate if the syﬁtems were corporately rather than publicly held,

and would coincide with the DSZ industrial user rate discussed above.

The second approach for applying interest rates was based on the use of a
single rate, regardless of uger, on the grounds that the sociai costs due to
salinity effects are not dependent on who invests in the impacted
facilities. A 10% across—the-board interest rate was used. This approach
takes tﬁe viewpoint that‘thg real costs to society of the costs from
salinity should not be a fuﬁction of who owns the facilities and what

‘

interest rates they individually face, but a function of a single social
|

point of view and single interest rate.
!

The approximate effect of using an across-the-board 10Z interest rate rather

than individual rates for estimating costs is to increase the overall cost
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estimates on the order of 5%. Mﬁnicipal system and institutional user costs
are lower at the 10% rate than at a 5% individuél rate. Tﬁis is more than
offset, however, by the effect on the direct industrial uses and the
industrial and commercialiuses of municipal water. Costs, in terms of
Present Qorth, are higher at the IOZ‘rate than at the'ISZ individual rate

for these users.

o CONSTANT VALUE DOLLARS AND RELATIVE UNIT COSTS. All dollar estimates are
expressed at the 1978 price level, and in terms of relative unit costs of
the facilities involved for the equations developed in this appendix. Where
cost information for other years was initially utilized, costs were
converted to the 1978 price level by the use of a cost index. A
facilities—specific index, the Chemical Engineering Plant Cost Index (CEI),
rather th&n a general price index, was used in order to adjust not only for
changes in the value of the dollar against all goods and services, but to
adjust also for changes in fhe relative unit coéts of the facilities

involved compared to average prices of all goods and services.

ESTIMATES OF SALINITY-COST RELATIONSHIPS
OVERVIEW

In this section, estimates of salinity~-cost relationships are presented for
(1) domestic water users (households); (2) municipal water supply and sewer
systems; (3) direct industrial withdrawal users, and (4) industrial,

commercial, and institutional users of municipal water. Information sources

and model development are discussed for each category.

In order to be conservative, approaches that tend to underestimate salinity

costs are used in estimating salinity-cost relationships. For example, for
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domestic uses, costs from salinity effécts for some very minor water use
cétegories, such as the washing of automobiles, are not quantified because
of lack of information. For industrial, commercial and institutional users
of municipal water the appro%ch was also conservative. For example, mo
costs for use of soaps and cieansers were included, even though there is
coqsiderable commercial, industrial and institutional use of soaps and

cleansers.

Full~scale calibration of the salinity-cost relationships has been conducted
. using wide ranges of both interest rates and levels of salinity in order to

assure the validity of the cost curves developed.

|
SALINITY-COST RELATIONSHIPS FOR DOMESTIC WATER USERS

® USERS AFFECTED. Three mugicipal water supply systems supplying
households withdraw water fr;m the Delaware estuary, 1) the Torresdale
service portion of the Phila?elphia Water Department, 2) the Bristol Water
Department, and 3) the Loweerucks County Joint Mumnicipal Authority. Based
on interviews with representatives of the systems, DRBC records of
withdrawals, and estimates of domestic water use in the literature (Tihansky
1974), it is estimated that approximately 500,000 households are served from
Torresdale and another 25,060 from the other two systems, with an average
use of about 100,000 gallons per year per household. No private domestic

users who withdraw directly from the estuary were identified.

® APPROACH FOR ESTIMATING $ALINITY°COST RELATIONSHIPS. Primary information
for estimating relationshipé was taken from the literature. Several authors
have evaluated the impact of TDS on costs to domestic users, but most

present only a total cost graph with little explanation of the model,
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Qariables, and coefficients usgd, such as interest rates, life of equipment
factors; etc., that would be necessary'for application of their findings in
developing relationships. Three sources, however, were found to have
conductgd significant research into the development of salinity-cost .
relationshipé: Tihansky (1974); Patterson and Banker (1968), and McDonald,
Barnef, and Smith (1978). Of the three, Tihanéky's was the most
comprehensive. His analysis were predicted on a compilation of 32 cited
literature sources, including Patterson and Banker, and exhibited
reasonability. Moreover, his equations and coefficients agreed well with
those systems also specifically covered by McDonald, Barney, and Smith.
Therefore, Tihansky's equations and coefficients were used as the model for

estimating salinity-cost relationships.

Tihansky's equations and coefficients are shown in Table 2-4. The price
(i.e. average investment) for each affected item was updated to the 1978
price level duriﬁg the development of the salinity-cost relationships for
use in this study; In addition to equations directly applicable to
household costs, Tihansky developed equations applicable to water supply

systems and sewage facilities systems on a household-allocated basis.

" (1) "Investment" Costs. Tihansky showed investment varying with

expected salinity levels (more precisely hardness, which directly varies
with salinity) for only one investment item, water softeners. For other
items, including plumbing, a?pliances, utenéils and washable clothing, he
presented only a single, average investment (price) per household. Since
special salinity resistance plumbing, appliances, clothing, etc. are not

readily available for purchase, no salinity-related investments were judged

to be applicable.
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TABLE 2-4

)TIH.A;NSKY'S DAMAGE EQUATIONS FOR

TYPICAL UNITED STATES HOUSEHOLDS

|

Price, . Life span,® Annual OM&R,*

Affected item in dollars in years in years

(1} (2) (3) (4)
Water Pipes 280.0 12 + 30e 000 0.0013r + 2.259
Wastewater Pipes 504.0 10 + 44¢ ~0-0000¢ 0.0008: + 1.820
Water Heater i 115.5 5 + [1g-000m 0.00131 + 17.65
Faucets : 184.1 11.5 — 0.0028¢ 0.0008¢ + 1.814
Tollets | 23 2 + l1e~0001¢ 0.0018r + 0.6789
Garbage Grinder ‘ 8.4 5 + Se~000 0.0001t + 0.1181
Washing Machine 126.0 S + He 00008 0.0011r + 3.512
Cooking Utensils 21.0 10.18 — 0.0007¢ —_
Washable Clothing 1168.6 4.633 ~ 0.0001¢ _
Supply System®

Production 134.4 30.83 — 0.0033: 0.0003t + 5.065

Distribution 504.0 60 + 50e ‘9'““‘ 0.0013¢ + 3.543

Storage tanks 67.2 50.83 - 0.0033¢ 0.0007: + 0.3827

Service lines 112.0 46.67 — 0.0067¢ —_

Water meter 448 30.5 - 0.0020: 0.0002r + 0.6627
Sewage Facilities® 100.8 30.83 - 0.0033: 0.0003: + 3.799
Bottied Water — g ~3.737 o H0a2 0.024070-x042
Water Softener 0.21h 12.0 0.1594hr, r = 0.0007h

Soap and Cleunsers
TDS-related
Hurdness-retated

4The variable, . stands for TDS. in milligrams per liter/(parts per million).
variable. h. stands for hardness, expressed in milligrams per hier/(paris per

as CaCO,.

S

0.0029¢ + 12.61

0.1578h(1 - ) + 11.65
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(a) Interest Cost Portion of "Invesment' Costs. Tihansky

determined that the per household investment in softeners (1978 price
level) was $0.36h (h is hardness in mg/l). The relationship between h
and TDS is: h = 0.286IDS + 14 (Note that with this equation, because
of the éonstant value of 14, an adjustment must be ﬁade at ve?y low TDS
concehtrations.) Using this h to TDS relationship, I = $0.36 (0.286

TDS + 14).

Thus, the interest cost portiqn of "investment" costs (CI 3) will vary
according to expected levels of salinity, and is represented by the
following equation:

Cy ; = $0.36 (0.286TDS + 14)r
Q (MG/vyx)

The applicable interest rate is represented by r. Tihansky gives Q

(water use per household) as 0.1 MG/yr. Thus the cost per MG is:

Ci ;i ($/MG) = $0.36 (0.286TDS + 14)r
0.1

(b) Directly Associated OMR&R Cost Portion of "Investment”
Costs.

(i) Replacement Portion of Directly Associated OMR&R Costs.
Tihansky reports that the 12-year averagejlife span ofAsofteners is
unrelated to salinity levels. Replacement costs for softeners are therefore
a directly-associated OMR&R "investment' cost, specifically, the replacement
cost portion of these costs. The costs will depend on the level of

investment in softenmers, which, in turn, is predicated on expected salinity

levels.

The replacement portion (CIP) of directly-associated OMR&R "investment"

costs per MG is:
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Cip($/MG) = 3.629(r) (fzseT + 14)
(1 + r)%Z -1

(]

where: T = expected salinit%

]
1

= applicable interést rate

(ii) Operation,;Maintenance, and Repair (OM&R> Portion of
Directly Associated OMR&R Cogts. Tihansky's OM&R costs for softeners
are delineated as annual costs per household. The equation derived is
OM&R = $0.1594 hx, with x = 0.0007h. X has been substituted here for
the r variable used by Tihansky (see Table 2-4) in order to avoid
confusion with the r variablé utilized in this appendix to represent
the applicable interest rate. The X variable is the proportion of
households with softeners, a@d $0.1594h is the OM&R cost per softener.

|
Because the OM&R cost per softener does not have a constant term, that

|
is, does not have a term relpting salinity to hardness, Tihansky
concluded that there are no directly associated OM&R "investment"
costs. Thus, the estimate of these costs is zero. There are OM&R
costs for softeners not related to salinity, such as adjustment of
timing mechanisms that go on and off each day regardless of the

salinity level. However, these costs are estimated to be very
!

“insignificant compared to o?her costs, and are, thus, not calculated.

(¢) Total "Investment" Costs. Total domestic "investment"

. [l

costs are the sum of interest and the replacement portion of

directly-associated OMR&R costs.

(2) "Contingency" Costs. None of the three water supply systems

for domestic households currently use alternate sources of water during
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periods of high experienced salinity.l/ For domestic users themselves,
bottled water répresents an alternate to drinking use. To switch during
periods of high experienced salinity only, however, domestic users wouid
need to have available information concerning day to day salinity levels.
Because they do not, users are assumed to switch to Sottled water based on
some a?erage or general idea of TDS, which can be taken to be expected TDS

levels. This is approximated by Tihansky's equation for the cost of

bottled water per MG:

C. ($/MG) = 4147 (T) -8042

T = expected salinity

(3) '"Daily-Salinity" Costs. Tihansky's equations for household

items cover life-sﬁan effects and OM&R costs for various items of
plumbing, appliances, cooking utensils, washable clothing, water
softeners, soaps, and cleaners. Coverage is also given to allocated
costs to households for effects on water supply systems and sewage
facilities. Tihanéky, however, does not address salinity effects on
very minor categories.of domestic water use, such as the washing of
cars, either commercially or at home, and salinity effects on car

cooling systems. Tihansky also does not place a cost on the

1/ While acknowledgement must be made that at some high level of
salinity in the future these suppliers might give serious consideration
to switching to an alternate source, estimates of such an uncertain
event is beyond the scope of this investigation. The possibility also
exists that, in the future, other water companies that do not currently
take Delaware estuary water to supplement their supplies, might
withdraw estuarine water for storage during times when estuary salinity
concentrations are low. In such cases, the cost of the main supply
would be a "contingency" cost with respect to Delaware River water

use. For example, the Chester Water Authority has given consideration
to this approach for meeting future needs. Again, however, no
estimates can be made at this time of possible future "contingency"
costs.
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undesirable effects of hard %ater that households without softeners

bear. Those without softene;s are a sizable proportion of all

\
households in typical ranges; of hardness; for instance, 96 1/2% of
|

households at ‘an expected ha%dness of 50 mg/1l, 93% at an expected

hardness of 100 mg/1 (based bn Tihansky's equétions). The analysis

determined that those with s?fteners pay a significant net amount (over

savings in soap and cleanersp for softened water. Those without
|
softeners presumably would be willing to pay something, though not as

much as those with softener#. "Daily~-Salinity" costs are calculated

based on salinities experien@ed per tidal cycle and quantity of water

use by each withdrawal user.

(a) Life-Span Reduction Portion of "Daily-Salinity' Costs. The

first step in estimating the life-reduction (salinity-related
: |
replacement) portion of '"daily-salinity" costs is to utilize Tihansky's

equations in the estimation |of the life span-salinity relationships for

the various items of equipment.

|
Items include water pipes, wastewater pipes, water heaters, faucets,

toilets, garbage grinders, &ashing machines, cooking utensils, and washable
clothing. The equation for the life~span reduction portion of

""daily-salinty" costs is as'follows:

Cps p ($/MG) = é r ) $1(1978) /household
1

Iﬁﬁzl) u ((1-'-_1:)_ITE 0.1 wg/yr/household

where n = equipment life at experienced salinity level
m = equipment life if salinity level equals zero
$1/household = average investment per household per item

I
0.1 MG/yr = average water use per household
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(b) OMSR Portion of "Daily-Salinity' Costs.

(i) Relationship Where Investment Does Not Vary With

Expected Salinity (Single Relationships for Each Item). As stated, the

investment in all items except softeners is the same at all levels of
expected salinity. Therefore, one salinity-cost relationship applies
for the OMSR portion of "daily-salinity" costs. Tihansky expresses
these.costs on the basis of dollars per household per year as a

~ function of s (experienced salinity). Below are the summation of cost
relationships for the various items of equipment and for TDS-related

use of soaps and cleansers (1978 price level):

Cps OM&R ($/MG) = $.174528(s)

(ii) Relationship Where Investment Does Vary with Expected

Salinity (Multiple Relationships for the Items Involved). The

salinity-cost relationships for softemer OM&R costs and for soap and
cleanser costs, both of which are related to the proportion of
households having softeners, will depend on expected salinity (i.e., on

hardness, which is related to salinity).

The relationships are as follows:
a) For softener OM&R,

CDSOM&R'($/MG) = ,00015771 sT + .00772011T + .00772011ls + .3779076

b) For hardness related costs-—soaps and cleansers,

Cps OM&R ($/MG) = ~.000156128 sT ~ .0076426 T +.77221705s + 37.80086124
where s = experienced salinity

T = expected salinity
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The hardness-related costs of soaps ané cleansers are very high compared fo
other cost items. Yet, because of its lower cost coefficient with respect
to salinity, 0.1578, compared to the cost coefficient for sqftener OM&R
costs, 0.1594; the savings i; soap and cleansers with softeners is less than
the added softener OM&R costs. Thus, households Qith softeners pay a net
OM&R cost plus the "investmeﬁt" cost for avoiding the undesirable features
of hard water. This underscores the point made earlier that households
without softeners possibly béar a significant ''undesirable-features-—
of-hardness" cost, varying with experienced daily salinities and associated

!
hardness. A conservativenesis is, thus, lent to the cost estimates by the
|

exclusion of these additional '"undesirable~features-of-hardness" costs.

(iii) Summation of Salinity-Cost Equations. The final equation
|

for the OM&R portion of "dailly-salinity" costs is:

Cps oMsr ($/MG) = .000001583sT + .0000775T + .954465s + 38.179

|
'

(4) Total Salinity Costs, Domestic Users. The costs are the summation

I
of "investment' costs (interest costs and directly associated OMR&R
costs), "contingency" costs, and "daily-salinity" costs (life-span
reduction costs and OM&R costs). Figure 2-10 presents a graphical

| .
representation of the domestic cost curves at a 10Z interest rate.

|
Expected TDS (mg/l) levels %t the three municipal systems' intake
locations are integral variébles for the determination of the cost
configurations of the domestice users. The mean experienced salinity
values over the study's 50-year period of analysis serve as a |

reasonable proxy for expectéd TDS values. For Torresdale, the 50-year

mean is 86 mg/l, and for Bristol and Lower Bucks, 72 mg/l.
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SALINITY COSTS TO MUNICIPAL WATER SUPPLY AND SEWAGE FACILITIES SYSTEMS

?

e MUNICIPAL SYSTEMS AFFECTED:'

(1) Overview. The following three municipal water supply systems

withdraw water directly from the Delaware estuary:

Municipal System ; Location, River Mile
Torresdale (Philadelphi; 110

Water Department) 1

Bristol Water Department 119

Lower Bucks County_Join& 122

. Muncipal Authority
i
Wastewater from each of these[system's service areas is routed to municipal

sewage facilities.

(2) Interview Information and Model Development. Representatives

of the three water supply sysitems were contacted td obtain information
on water use, salinity effecté, and cost factors. None reported being
aware of any problems specifikally due to salinity; all said they had
noticed no increased corrosioL rates or other cost phenomena due to
salinity. They suggested tha& their intake locations were too far
upstream to.be significantly @mpacted by salinity at the levels

) . | .
experienced in the past. Torresdale representatives were able to

provide some scaling inputs for salinity-cost modelling. However,
total information available Jn operating expenses from the three
municipal systems was too incbmplete to allow for the proper
development of cost relationghips. Thus, salinity-cost relationship
models were prepared based prLdominéntly on Tihansky's equations

concerning salinity-cost relJtionships for water supply systems and for

1
|
i
|
|
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sewage facilities on an annual cost per household basis. These costs are
per 0.1 MG (the average annual water use per household annually) and can be

applied to all water handled by municipal as well as domestic systems.

(3) Salinity-Cost Relationships.

(a) "Investment" Costs. For the various elements of supply

systems and sewerage facilties, Tihansky determined an average level of
investment, which was derived from the analysis of numerous systems
with salinity values ranging from a few mg/l TDS to approximately 3000
mg/l TDS. No quantitive information was available, however, on
salinity-related "investment' cost relationships. The three systéms
investigated did not report' any salinity-related investment. Thus,
estimates of "investment" costs are'not considered applicable for
estimation in this investigation. However, this does not mean that a
significant increase in average salinity in the upper estuary in the

future would not lead to additional investments related to salinity.

(b) "Contingency" Costs. Presently, no "contingency" costs

related to salinity are borne by the three municipal supp}y systems.
While it is conceivable that in the future the systems could go to
alternéte sources during periods of high salinity, the low probability
of such a necessity places the estimation of possible future salinity-
related "contingency” cost relationships beyond the scobe of the

current investigation.

(¢) "Daily-Salinity" Costs. Tihansky's equations were deemed

appropriate for estimating "daily-salinity" cost relationships for the

Delaware estuary municipal systems.
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(i) Life-Span Reduction Portion of "Daily-Salinity" Costs. As

with household items, the first step in estimating the life-span-reduction

portion (salinity-related r%placement portion) of "daily-salinity" costs was

to use Tihansky's equations to estimate the life span-salinity relationships.

Based on interview,infofmat%on on size and engineering inputs, the

investment per 0.1 MG/yr (héusehold equivalent) was then estimated for the

- . . K3 | . - - -
various facilities for the three municipal systems. Estimates were directly
made for production facilities and ratioed to obtain investment estimates

. |

P . . .
for the other facility 1temf based on Tihansky's ratios of item costs and

scaling factors.

" For each element of the thrée systems, life span reduction costs were

calculated as follows:

Cps p ($/MG) = $1(1978)
1+r)n 1)” (l+r)m -1 .1MG/yr

where the = 1nvestment in water supply systems and

0.1 MG/yr | sewer facilities (calculated
| separately for each item for each
: of the municipal systems)
b

n = life span at levql of experienced salinity(s), in years

m = life span if s = 0, in years

Investment items included sewer facilities and the following supply
system facilities: production, distribution storage tanks, service

lines, and water meters.

(1i) OMS&R Portlon of "Daily-Salinity" Costs. The OM&R portion of

"daily-sallnlty“ cost relaglonships was calculated using Tihansky's

i . e
equations. Costs for the municipal system facilities were calcuated as a
function of s, the experienced salinity. The equation in final form is:

Cpg OMER ($/ME) = .05(s)
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The .05 is the sum of the slope coefficients developed by Tihansky (updated

to the 1978 price level) divided by 0.1 MG/year of water use.

(4) Total Salinity Costs, Municipal Systems. For municipal water

supply and sewage facilities systems, since there are no "investment" or
"contingency" costs, total salinity-coscs.are equivalent to the summation of
"daily—éalinity" costs (life span reduction and OM&R). Figure 2-11A
depicts, for a 5% interest rate, the cost curves for the Torresdale,
Burlington, and Lower Bucks municipal systems. The cost curves differ
somewhat as a result of variations in the investment characteristics of
sewer and supply system facilities for each of the three municipal systems.
These investment items were discussed in the above section concerning the
life-span reduction of 'daily-salinity" costs. Figure 2-11B presents a
closeup view of the cost curves for levels of salinity ranging from 0 mg/l

to 200 mg/1.

SALINITY-COST RELATIONSHIPS FOR DIRECT INDUSTRIAL WITHDRAWAL USERS

e INDUSTRIES AFFECTED BY ESTUARINE TDS CONCENTRATIONS. Industries
affected by Delaware estuarxlTDS concentrations include those directly
withdrawing estuarine water (see Figure 2-1 and Table 2-1), and those
using.Water éupplied from the three municipal systems. The Delaware
River Basin Commission Inventory of Withdrawal Users (1978) provided
information on users, their withdrawal location, and total estuarine
water use. The DRBC 1976 Salinity Cost Survey of Industrial Users and
an update of that survey conducted during this investigation elicited
information on water use by type and salinity effects. Census
information was obtained, by SICvcode, for industries served by the

three municipal water supply systems.
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The approach used in estimaﬁing direct industrial water use‘'salinity-cost
relationships was to use the survey information on salinity costs, economic
inference, engineering inputs, and information from Tihansky (1974)
concerning effects on houseﬁold items similar to those found in industry.
Direct industrial uses consist of 1) once-through cooling, 2) recirculating
cooling, 35 boiler feed, 4);process, including contact cooling, 5) sanitary
and "other", treated as a single category, and 6) the intake sistems thru

which water is drawn for the above uses.

e ONCE-THROUGH COOLING SALiNITY-COST RELATIONSHIPS. Once-through cooling
water is used in very great quantities. For example, electric—generating
stations, at times, utilize!lOOO MG for once~through cooling in just a few

days of operation. Thus, all costs are expressed on a $ per 1000 MG basis,

rather than on the $/MG basis used for most other type uses.

(D) "Investmentﬁ Costs: The once-through cooling model determined no
difference in investment inifacilities for once-through cooling between
different estuary locationsf(i.e., between different expected salinity
levels). The same material of comstruction (90/10 copper-nickel) is used in
heat exchangers at all locations. Investment in pumps and piping are minor
compared to investment in heat exchangers, and are included in the intake

system category for this inbestigation. (Carbon steel is the usual material

of construction for piping)} Since no salinity-related treatment of
once-through cooling water is undertaken in the Delaware estuary, there is

no salinity related investment in treatment facilities. Because of no

differences in investment, there are no salinity-related "investment" costs

for once-~through cooling.

v
|

(2) "Contingency" Costs. No users in the Delaware estuary use
!

salinity-related alternate Fource water for once-through cooling or
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otherwise bear salinity related "contingency' costs for once-through cooling
uses. The major reason is that the quantities of water involved are too
great for users to feasibly consider alternative sources for once-through
application. A few small-quantity users do occasion;lly switch to an
alternative source, but such switches are attributed to high temperature

rather than increases in salinity.

(3) '"Daily-Salinity" Costs. At the present time, 90/10

copper—nickel heat exchangers-are used exclusively by withdrawal users
in the Delaware estuary. However, research determined that engineers
do recommend the substitution of a more expensive material for heat
exchangers, titanium, as expected saliﬁity concentrations approach

those of the sea.

This recommendation implies increasing corrosion rates for copper-nickel
heat exchangers as salinity rise, warranting a switch to the higher cost
titanium. The approach used to estimate "daily-salinity" costs.for
once-through cooling is based on the economic inference that, for the
above recommendation to be correct, ''daily-salinity" costs associated
with 90/10 copper-nickel exchangers increase with rising levels of
experienced salinity along a ﬁath_(assumed to be 1inear), to meet at

ocean salinities the added "investment' costs of titanium exchangers.

Once-through cooling systems are delineated into two subcategories,

1) <40 mgd, and 2)=>40 mgd systems. L

The equation developed is:

365 1+4r)33-1
where: I = average level of investment ( <<40 mgd or =>40 mgd system

Cps ($/1000 MG) = I r 1000 (1+r)35 >

categories), r = applicable interest rate.
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(4) Total Salinity Costs. Because there are no salinity-related

"investment" or "contingency" costs for once-through cooling, total salinity

costs are equivalent to total "daily-salinity" costs. Figure 2-12 presents

cost curves, at 157 interest, for the=< 40 mgd and =40 mgd systems.

e BOILER FEED SALINiTY—GOST RELATIONSHIPS. Information for modelling

boiler feed salinity-cost ielationships was developed through sample

interviews. The informatién and the modelled relationships derived are

presented below.

| |
(1) Modelled Salinity-Cost Relationships.

(a) "Daily-Saiinin" Costs. Interviewing ascertained that

average boiler feed users switch to municipal water when the experienced

estuarine salinity reaches| the 200 mg/l level. This switchover point
|
|

of 200 mg/1 was based on the following considerations. Engineers and

boiler manufacturers recommend holding the TDS level in a boiler

constant, and, as TDS levels in the raw makeup water increase, they
recommend increasing the ﬁiowdown raté in order to hold the IDS level
constant. Although, this!praétice avoids increased costs of corrosion,
scaling, or other ill eff%cts in the boiler itself, it does increase
other costs. These costsiinclude (1) increased costs of boiler
treatment chemicals to reélace those lost in the blowdown (i.e., to
treat the greater quantitﬂes of makeup and feedwater needed to replace
increased quantities of wétervblown down), (2) increased costs of
|
softening for the greater quantities of makeup and feedwater, and
(3) increased cost of hea&ing additional quantities of boiler feedwater
|
to boiler temperatures (i%e., the increased costs due to increased
quantities of heat wasted{through blowdown).

!
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The operating-criterion'of maintaining boiler TDS concentrations constant is
economic if, above that TDS concentration, the marginal rate of damage (in
dollar cost terms) to thé béiler of added concentrations exceeds the sum of
the marginal costs of the aéditional boiler chemical, softening, and heating
requirements with increased blowdown. Below that TDS concentration the
opposite is true, with the corollary that the marginal cost of damage to the
boiler exceeds any marginalisavings from decreasing the recommended levels

\ .
of use of boiler treatment chemicals or softening. These operating criteria

t

are utilized as the cost baslis for salinity-cost modelling.

Using the recommended levels and costs of boiler treatment chemicals and the

costs of softening, includidg the chemicals used, at different raw makeup
b

|
salinity levels, salinity-cost relationships were estimated. Estimating
|

heat loss was very difficult because of opportunities for savings through
- . i

preheaters or for offsetting the losses through condensate return. Costs

were estimated based on cost's of fuel per British Thermal Unit (BTU) and
!

saturated steam table infor@ation on BTU content in the blowdown water (not
steam) at typical opergtingitemperatures. The average use charge for
municipal wéter is approximitely $60/MG (1978 price level). Thus, if the
municipal water wére of zero}salinity (and zero hardness), its variable cost
would be $60/MG (1978). Thgoretically, the variable cost for estuariﬁe
water should just equal the ﬁariable cost for municipal water at the chosen
switchover point. The vari%ble coét for estuarine water 1s comprised of
pumping costs and "daily—saﬂinity" costs.

Pumping costs are judged toibe neglible. 'Daily-Salinity" costs would

include boiler life-span reduction, OM&R costs, and costs of water

. P - .. . . .
treatment. Predicated on rational decision-making as the criterion, these
: !
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"daily-salinity" costs must equal at least $60/MG (1978) at the switchover
pqint. In fact, the 200 mg/l switchover point is merely a lower limit
because the municipal water is not salinity free. The costs incurred would
add to the total variable costs of the municipal water. The average

variable cost of softener regenerant chemicals for alternate source water

treated at 200 mg/l TDS is approximately $30/MG (1978).

Based on engineering analysis, $17.51/MG (1978) is the estimated cost of
boiler feedwater treatment chemicals for the alternate source. These costs
were estimated using imncreasing blowdown with rising levels of estuafine
water salinity to maintain a constant TDS concentration in the boiler.

Thus, boiler corrosion costs would be a factor related to feedwater salinity
levels. Also, loss of heat in the blowdown would be a factor. For model
purposes, it was aséumed that some of this heat would be saved through
preheaters. Conservatively, the above $17.51/MG is rounded upwards to

$20/MG(1978) in order to account for this factor.

Adding the $30 for softening and the $20 for treatment chemicals and heat
. losses to the $60 use cost gives a total variable cost of $110/MG for the

alternate source at 200 mg/l.

This is applied as a reasonable proxy for the "dailyjsalinity" cost of
estuarine water at tﬁe switchover point. A linear relationship was assumed
"for the range 0 to 200 mg/l, with a zero "daily-salinity" cost at zefo
salinity for estuarine water. The coefficient of the relationship is, thus,

110/200 = 0.55, and the equation for "daily-salinity" costs is:

Cps($/MG) = $0.55s, s == 200, where s is experienced daily salinity, mg/l.
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(b) 'Contingency" Costs. "Contingency" costs resulting from the

switchover to an alternate source are applicable for all experienced
salinities above 200 mg/1:

Ce ($/MG) = $110/MG, s =200 mg/1.
;
(c¢) ‘"Investment" Costs. Salinity related investment involves only

softeners. Other investmen? requirements for additional makeup capacity for
high Blowdown rates and theéboiler feedwater treatment chemical system
associated with higher saliﬁities are minor. Demineralizers are a
substitute for softeners fq% higher pressure boilers. Thére are no boiler
feed users using estuarine Qater without softeners, and there is no

|

variation in these costs with respect to expected salinities. Thus, in
!

' . .l . . .

effect, there are no sallnlfy—related "investment' costs incurred for boiler

feed systems. (This differ% from the case of households, where different
]

proportions of households invest in softeners at different expected

salinities).

(2) Total Salinity Costs. Total salinity costs are equivalent to

“daily-salinity" costs experienced with estuarine salinity at or below 200

mg/1 TDS, -and "contingency" costs incurred above 200 mg/l TDS estuarine
| _
water. Because there Wouli be costs from salinity resulting from the use of

|
alternate source water, the| "daily-salinity" costs of estuarine water use,

which depend directly on tﬂe level of the "contingency" costs, tend to be
\

conservatively estimated. Also, because "investment" costs in alternate-

supply facilities were judged to be minor compared to '"daily-salinity"

costs, these "investment" costs were not included in total salinity costs.

Figure 2-13 presents the salinity—cost relationship for boiler feed systems.
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e RECIRCULATING COOLING SYS?EM SALINITY-COST RELATIONSHIPS.. Engineering

i - -
experience indicates that there are significant costs due to makeup water
|
salinity in recirculating cooling systems. As salinity increases, blowdown

increases, and treatment chemical cost increases. .Since users report
utilizing a very similar swi?chover criterion for recirculating cooling

systems as that determined fbr boiler feed systems, the same equations are

considered reasonable for the "daily-salinity' cost and 'contingency" cost

relationships:
Cps ($/M6) = $(0.55) /MG, s== 200 mg/1
Cc ($/M6) = $110/MG, s =200 mg/1

! : - .
Thus, the same cost curve is}also applicable (see Figure 2-13). 1t is

J
assumed, similar to boiler feed, that there is no variation in investment

with respect to expected salinities, and, thus, salinity-related

"investment" costs are effectively zero.

t

e PROCESS WATER SALINITY—OO%T RELATIONSHIPS, The Tihansky cost equatioms
for household items that c§m¢ in contact with water, excluding washable
clothing, are deemed appropﬁiate for estimating salinity related costs for
industrial process equipmentL These items include water pipes, wastewater
pipes, water heaters, faucegs, toilets, garbage grinders, washiﬁg machines,
toilets, ;nd cooking utensifs. These items are siﬁilar, in terms of

materials subject to impact; to the kinds of items with which process water

comes in contact.

(1) "Daily-Salinity" Costs.

(a) Salinity-Related Replacement Costs. It was determined that
direct use of Tihansky's equations required a significant time requirement

|
in order to complete the necessary calculations. Therefore, a best-fit
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formula was developed to facilitate the salinity-cost calculations. First,
costs were developed at various interest rates (2.5%—252) over a range of |
"experienced' salinities from O mg/l to 750 mg/l. These costs were then
statistically analyzéd against salinity using both‘linegr regression and
second-order polynomial fit curves. The second—order~p;1ynominal expressions
yielded-excellent fits with R2 values exceeding .99, and provided

salinity-cost relationships with the following general equation format:

Cps p ($/MC) = Xp (s) + Xp(s2) + X3

For use in the higher salinity ranges (experienced salinity above 750 mg/l),

this relationship was extrapolated linearly through the 500 mg/l point.

Thus, if s =750 mg/1: Cpgp = /500 (i.e., a relative percentage of costs

at 500 mg/1 based on the level of salinity).

(b) Salinity-Related OM&R Costs. For salinity-related OM&R costs,

the equation is:

Cs oMsr ($/MG) = $.1244 s/MG

The 0.1244 7is the sum of slope coefficients developed by Tihansky (updated
to the current price level) divided by 0.1 MG/year use; s equals to the

level of experienced salinity.

(2) '"Contingency" and "Investment" Costs. A few users have reported using

alternate sources for process water when experienced salinity reached excep-
tionally high levels in relation to the average at their estuarine locatioms.
However, alternate source use was very infrequent and the magnitude'of water
use was ascertained to be insignificant in relative propértion to total process
water use. Thus, the development of "contingency' costs was not considered

necessary. Also, "investment" costs were determined to be not applicable.
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(3) Total Salinity Costs.  In conclusion, total process water salinity

"

costs are equivalent to the total 'daily-salinity" costs for replacement and

OM&R. Figure 2-14 depicts thé cost curve at the 15% interest rate.

e SANITARY AND. OTHER SALINIT?—COST RELATIONSHIPS. For sanitary (and other)
salinity-cost relationships, éhe relationships developed for process water
are deemed reasonable. This %s based on‘the close relationship of sanitary
uses in industry to domestic %anitary uses(from which the process water

relationships were derived). Figure 2-14 presents the cost curve at the 15%

interest rate.

e INTAKE SYSTEMS SALINITY-COST RELATIONSHIPS. As with cooling systems, all

costs for intake systems are expressed on a $ per 1,000 MG basis because of
!

the vast volumes of water invéolved. Equipment subject to salinity impacts

includes items such as screens, pumps, and piping. Wooden or concrete

bulkheads and platforms are excluded, since these facilities are not subject

to significant salinity effects.
|

Intake systems are modelled iL 2 sizes, (a) less than 10 mgd, and (b) greater
than 10 mgd; and in two diffe;ent materials of construction, carbon steel

for freshwater estuary locatiéns and stainless steel for brackish!water
estuary locétions. Investment in the intake facilities impacﬁed by salinity
. is shown below. (Note that the investment, or capital cost, is expressed in
$/mgd, whereas "investment" aosts, which inciude the interest and directly

associated OMR&R costs for that investment, are expressed in $/MG.)

Investment in Salinity-Impactible Intake Equipment

Modelled for ‘ Capital Cost $(1978) /mgd
Systems of ; Added Investment
mgd Size Fresh Water (If) Brackish Water (Ip) Brackish Water
| ? (Is - Ir)
<10 10,465 20,800 10,335

=10 7,050 12,510 5,460
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(1) "Investment" Costs. @he salinity-related capital cost is zero in
i
|
freshwater locations because facilities of this type would be installed even
|
in zero salinity water. Salinlity-related investment in brackish-water .

locations is the added investment over that undertaken in freshwater
. . i
locations. The "iavestment" closts are the combination of interest costs and

. . | .
the directly associated OMR&R;costs (replacement and OM&R).

|
(a) 1Interest Cost Portion of "Investment" Costs. The interest

i

cost portion of '"investment' costs is

(Brackish) C;; ($/1,000 MG) = (I -17)r1000

(Freshwater) C1i = 0 365

(b) Directly Associated OMR&R Portion of "Investment' Cost. For
the life of the facilities and replacement costs, a model was adopted using
‘ :
relevant equations developed by Tihansky and engineering inputs. The

following equations were derived:

Freshwater: n = 3 + 5e -0.0012¢t

Brackish-Water: n = 7.5 + 12.5e —0-0012¢t

!

where n = facility life in years

T
[

= salinity in mg/l

Because the brackish~water facilities in the model are stainless steel,

whereas the freshwater facilities are carbon steel, the brackish-water

facilities will have a longer life. The brackish-water facilities life was

modelled at 2.5 times the life of the freshwater facilities. This
|

l

relationship remains constant; at all salinity levels.

The brackish-water facilities will also have a higher capital cost. The

. . I - - .
directly associated replacement cost, which is the added replacement costs of .
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the brackish-water facilities at zero salinity, could therefore be either

positive or negative. (The directly associated replacement costs are

analyzed at zero salinity, because any reduction in life resulting from

salinity levels above zero is evaluated as a ''daily-salinity" cost).

If the replacement costs are negative, this means that the longer life of
the brackish-water investment more than offsets the higher capital cost in

determining replacement costs. The equations for replacement costs are:

Crp($/1000MG) = rIgl000 - rIp1000
(Brackish) ((1T+r)™-1)365 ((1+r)1-1)365

Cip (${1ooomc) = $0
(fresh

where:
T = interest rate
m = life at zero salinity (brackish-water)

life at zero salinity (fresh~water)

=]
]

Investment (Brackish-Water)

d-'
]

Investment (Fresh-Water)

o
]

(¢) OM&R Costs. Equations were developed for OM&R costs, with
coefficients based on engineering inputs. The equations were:
Preshwater: $ (OM&R)/0.1MG = 0.0000617s + 0.168

Brackish-Water: $ (OM&R)/0.IMG = 0.0000247s + 0.067

The difference in the constant terms of these equations (0.168 for

freshwater and 0.067 for brackish-water) is the directly associated OM&R

cost of the brackish-water investment. The cost in $/1000 MG is:

Cr oM&R ($/1000MG) = $(0.067 - 0.168) 10,000 = $-1,010

(Brackish)

]
o

C1 oM&R ($/1000MG)
(Freshwater)

2-63



The OM&R cost is negative because there is a savings in OM&R with the

!

brackish water investment. The savings is applicable to all size
investments.
|

(d) Total "Investment" Costs. "Investment" costs for intake

systems are the sum of inter%st costs and directly associated OMR&R costs

(replacement and OM&R). !

(2) "Contingency' Costs..

There are no ''contingency" costs for intake systems.

(3) "Daily-Salinity” Costs.
i

Equations modelled on Tihansﬁy's equations for "investment" costs and

engineering inputs were adopted for modelling "daily-salinity'' costs.

(a) Reduced life séan portion of "Daily-Salinity" Costs. The

reduced life span costs were calculated as follows:

Cps p ($/100M6) =/ « r ] 1000 14
(Brackish-water) LF1+E)Pb—1 “\ T (1+r)mb-1 365
tps p ($/1000) =[7  x \ r 7 1000 1p
(Freshwater) L}1+fjﬁf:d,)- (1+r)mf—£> 365

nb = 7.5 + 12.5e -0.0012t
‘(Brackish-water)

nf = 3 + 5e¢ -0.0012¢
(Freshwater)

where:

r = interest rate

t = experienced salinity
nb = life (brackish) at given salinity
mb = life (brackish) at zero salinity
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nf = life (freshwater) at given salinity

mf = life (freshwater) at zero salinity

Investment (freshwater)

L]
[

Investment (brackish)

o
I

(b) OM&R Portion of "Daily-Salinity" Costs. As previously indicated,

Tihansky's work and engineering inputs were used for OM&R costs. The
relevant portions of these equations for experienced salinity related OM&R

" costs (expressed per 0.IMG per year) were:

Freshwater: OM&R = 0.0000617t

Brackish-Water: OM&R = 0.0000247t

Costs per 1,000 MG would be 10,000 times these costs, or
Freshwater: Cpo ven($/1,000 MG) = 0.617t

Brackish-Water: Cpg gvsr ($/1,000 MG) = 0.247t

(¢) Total "Daily-Salinity" Costs. '"Daily-~Salinity' costs are the sum

of reduced life span and OM&R costs.

(4) Total Salinity Costs. Total salinity costs for intake systems are

equivalent to the sum of "investment" and "daily-salinity" costs. Figure
2-15 pfesents the cost curves, for interest at 15%, for the four categories
of intake systems, 1) freshwater =10 mgd, 2) freshwater ==10 mgd, 3)

brackish-water « 10 mgd, ‘and &) brackish-water =10 mgd.

(5) Salinities At Which Investments Apply For Intake Systems. Applying

the theory that capital investment decisions are made on the basis of
rational decision-making, users will switch to the higher capital cost
investment system (brackish-water), when, based on average experienced TDS

levels over the 50-year period of analysis (i.e. expected salinity) for

2-65



10,000

8,000

6,000

<i0 MGD
SYSTEM
FSWITCH-
OVER
POINT
(1224 mg/|),

4,000

COST, $/MG

/ *\5\'\; f

I )
2,000 L A
{1

!/
L7

/// >10 MGD SYE‘STEM
SWITCHOVER POINT
(119 mg/1) !

0 1 I ; ] | 1 |

O 2,000 - 4,000 6,000 8,000 10,000

EXPERIENCED SALINITY, mg/|

978 Price level

15 % interest rate

: DELAWARE ESTUARY
| SALINITY INTRUSION STUDY
! INTAKE SYSTEMS - TOTAL
SALINITY—-COST RELATIONSHIP
PHILADELPHIA DISTRICT, CORPS OF ENGINEERS
DECEMBER 1982

' FIGURE 2-15




their locations; the added total "daily-salinity" costs of the f¥eshwater
facilities over the brackish exceed the added "investment' costs of the
brackish~water facilities over the freshwater. The switchover points, at a
iSZ interest rate (as shown in Figure 2-15), are 1224 mg/l for<10 mgd

systems and 119 mg/l for =10 mgd systems.

SALINITY-COST RELATIONSHIPS FOR INDUSTRIAL, COMMERCIAL, AND INSTITUTIONAL
USERS OF MUNICIPAL WATER SUPPLIES

Municipal water is supplied to industrial, commercial, and institutiomal
customers. For each category of use, saliniﬁy costs are incurred in the
same manner, mainly through corrosion, as incurred by household items.
Howevef, the costs are distributed differently among the items applicable
for these user categories. For example, salinity costs for industrial users
of municipal water are of a similar nature to thoée borne by direct
withdrawal users, but are distributgd somewhat differently among uses (i.e.,
there is minimal once-through cooling, while sanitary takes on a much more
significant percentage of total water use). Each industrial, commercial and
institutional customer of the municipal systems has items comparable to
those used by households, such as water pipes, wastewater pipes, and
"faucets. Most have toilets. Many have water heaters, at least for hand
washing. Also among the customers are commercial laundries, the food and
beVerage industry, hotels,‘motels, restauranté, and institutions, such as
hospitals, with substantial hot water demands. Many of these, too, have

washing machines, dishwashers, garbage grinders, and cooking utensils.

Most bathing, clothes washing, and food washing and preparation is done in
the household. Because of the relatively heavy costs ascertained by
Tihansky in the use of soaps and cleansers, softeners, and clothes washing

categories, inclusion of these categories for non-household users of
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municipal water supplies couﬂd lead to cost overestimates. For this reason,
it Qas estimated that the sa&e salinity=cost relationships that were
developed for process and saﬁitary use, which did not include the above cost
items, were reasonable for i#dustrial, commercial, and institutional users

of municipal water supplies.i
' |

conservativeness to costs be¢ause, in fact, there is considerable clothes,

Deletion of the above cost items lends a

linen, dish, personal, and other washing conducted outside the household.
Figure 2-16 presents the cost curves: 1), for industrial and commercial

users at 15%, and 2) for institutional users at 5%.

SUMMARY OF SALINITY-COST RELATIONSHIP EQUATIONS

Below, presented in summary form, is a reiteration of the equations for

salinity-cost relationships outlined in this appendix:

e DOMESTIC USERS:

(1) "Investment" CostsJ
\

(a) Interest Cost Portion.
' \

Cr ; ($/MG) = $0.36 (0.286 TDS + 14)r
‘ 0.1

(b) Replacement portion directly associated OMR&R costs.

Cip ($/MG) = 3.629 (r) (.286 TDS + 14)
“(I+1Z - |

(2) MContingency" Costs.
i

Ce ($/MG) = .4147 (T) 8042

(3) "Daily-Salinity" Costs.
i
(a) Life-span reduction portion.

Cps p ($/MG) =[/ r )-( T
U (T#r)n -1 (1+4r)m-1

\| $(1978) /household
JI 0.1 MG/yr/household
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(b) OM&R Portion.;

Chs OMR($/MC) = .000001583 sT + .0000775 T + .954465 s + 38.179

e MUNICIPAL SYSTEMS:

(1) "Daily-Salinity" Costs.

(a) Life-span reduction portion.

Cps p ($/MG) =V _x V[ r $1(1978)
l} :1+rn)—2/ \(1+r)m-1 0.1MG/yr.

(b) OMSR portion.

Cps OM&R ($/MG) = .05(s)

e DIRECT INDUSTRIAL WITHDRAWAL SYSTEMS:

(1) Once-through cooling.

(a) "DaileSalinity" Costs.

Cps($/MG) =<I r 10@0)((1+r)35 >
365 | /\ (141)37-1

(2) Boiler Feed and Recirculating Cooling.

b

|
(a) "Daily-Salinity" Costs.

Cps($/MG) = $0.55s, (where s =200 mg/1)

(b) "Contingency' Costs.

C.($/MG) = SilO/MG (where s >>200 mg/1)

(3) Process Water and| Sanitary.

"Daily-Salinity" Costs.

(a) Salinity-RLlated Replacement Costs.

|

Cps p ($/MF) = X1(s) + Xg (s2) + X3

Best fit secondrorder polynomial expression of Tihansky's

equations.
)
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(b) Salinity-related OM&R costs.

Cps oMgrR ($/MG) = 0.1244 s

o INTAKE SYSTEMS:

(1) "Investment" Costs.

(a) Interest cost portion.

C1i ($/1000 MG) = (IB - IF)r1000
(Brackish) 365

Cy; ($/1000 MG) = 0
(Freshwater)

(b) Directly associated OMR&R portion.

(i) Replacement costs.

Cc1p($/1000 MG) = rIgl000 (rIF1000)

((T+r) ®-1)365  ((1+r) D= 1)365
Cip ($/1000 MG) = 0
(Freshwater)

(ii) OM&R Costs.

C1 oMsr ($/1000 MG) = $(0.067 ~ 0.168) 10,000 = $-1,010
(Brackish)

C; oM&R ($/1000 MG) = $0
(Freshwater)

(2) "paily-Salinity" Costs.

(a) Reduced-life-span portion.
Cps p ($/1000 MG) r r 1000 I
(Freshwater) (T+)B-1 | = ((T+D)®E-] 365 -

Cps p($/1000 MG) = T r 1000 Ig
(Brackish) Kl-‘*r)nb-l >’( .(1+r)m5-13 365

nf = 3 + 5e—-.0012¢t
(freshwater)

nb = 7.5 + 12.5e~.0012t

(b) OM&R Portion.

Cps oMsR (${1ooo MG) = 0.617t
(Freshwater
Cps oM&R ($/1000 MG) =

0.247¢t
(Brackish) .
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e INDUSTRIAL, COMMERCIAL, AND INSTITUTIONAL USE OF MUNICIPAL
WATER SUPPLIES:

(1) "Daily-Salinity" Costs.

(a) Salinity-Related Replacement Costs.

(b) * Salinity-Related OM&R Costs.
[

The same equations are applicable as utilized for process and
sanitary system uses.

2-72



" DELAWARE ESTUARY
SALINITY INTRUSION STUDY

ENVIRONMENTAL STUDIES

~

US Army Corps
of Engineers

Philadelphia District

@ b o (2 6 (Y 0 [




ITEM

DELAWARE ESTUARY SALINITY
INTRUSION STUDY

APPENDIX 3 -

SALINITY IMPACTS ON ESTUARINE® FISH AND
WILDLIFE RESOUCRES

TABLE OF CONTENTS

{A » PAGE

INTRODUCTION 3-1
THE CYCLE OF SALINITY CHANGE IN THE
DELAWARE ESTUARY 3-2
ROLE OF SALINITY IN THE DELAWARE
ESTUARY ECOSYSTEM 3~2
POTENTIAL EFFECTS OF ALTERING THE :
SALINITY REGIME ON THE DELAWARE ECOSYSTEM - 3-32
LIST OF TABLES
TABLE NUMBER TITLE ' PAGE
3-1 LIST OF FISHES COLLECTED FROM THE
DELAWARE ESTUARY 3-16
LIST OF FIGURES
FIGURE NUMBER TITLE - | PAGE
3-1 ZONES OF SALINITY IN THE . ,
DELAWARE ESTUARY , 3-5 "
3-2 OYSTER, CLAM AND CRAB BEDS 3-10



INTRODUCTION

This portion of the study is designed to indicaté the sensitivity of the
estuarine ecosystem to fluctuations in the salinity regime. Because of the
enormous:diversity of flora and fauna in the ecosystem and data constraints,
it was.nedessary to concentrate study efforts on specigé of direct or

indirect commercial or recreational importance.

Upon completion of early work stages, it became apparent that addfessing the
effects of salinity change on the biota in economic terms could not be
accomplished. Estuarine organisms are regulated by a host of factors that
act independently or synergistically to control the species. It is
difficult to define how these factors will operate singularly or together on
individual species, parts of the ecosystem, or the ecosystem as a whole from
one year to the next, and it is even more difficult to translate the effect
into economic terms. What can bé determined about individual species is
their preferred salinity range, where that range occurs in the ecosystem,
and how its location, and thereby the épecies, maf be impacted by changes in

the salinity regime.

Technical input to this study has been directly provided by the U.S. Fish
and Wildlife. Service and the Natioﬁal Marine Fisheries Services. 1In
addition many governmental agencies and educational institutions have
contributed, either directly or in earlier effortsfbf the federal natural

resources agencies.



THE CYCLE OF SALINITY CHANGE IN THE DELAWARE ESTUARY
|

h

|

basin transfer via the Chesapeake and Delaware Canal) are the chief factors
|

determining salinity concentrations in the Delaware estuary. Lower spring
|

The main sources of flow (freshwater inflow, ocean tidal flow, and inter- .

salinities correspond to pea? freshwater runoff and lower salinity
concentrations of oceah and /C&D Canal flows, while higher summer and early
autumn salinities result fro@ opposite conditions. Fifty years of computer
simulation revealed that the C&D Canal flows would normaily influence the
middle estuary salinities bétween RM 37 and 82. Above RM 82, the magnitude
and variation of freshwater‘flow was the main influence on saiinity
concentrations. Below RM 37, estuary salinities were primarily influenced
by variations in ocean salinity, tides, and sea level. Variation in mean
|

seasonal salinity values du# to differences in river flow and ocean salinity

can be as great as 3 ppt. |

\
Other variations in salinity occur as a result of tide level variation; peak .
salinities generally occur at or near high slack tide and minimums at or
near low slack tide, with péssible differences of_over 4 ppt daily.
Localized variations in salinity also occur horizontally an@ vertically; a

maximum salinity difference of 10 ppt between surface and bottom can occur

in the bay during spring.

ROLE OF SALINITY IN THE DELAWARE ESTUARY ECOSYSTEM

The ability of an organism to reside within a given environment depends on
the needs of the organism a;d the characteristics of the environment. Most
organisms cannot tolerate extreme physical or chemical conditioms. They

exist only within an inter%ediate range, which is referred to as the 'range

of tolerance." Every orgaﬁism has a separate range of tolerance for
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different en&ironmental factors. Any factor approachinglor exceeding this
range is said to be a "limiting factor". Each range of tolerance contains a
narrow zone called the ("optimum range"), in which the organism function§ at
peak efficiency. Bracketing the optimum range between the upper and lower
limits of tolerance lie the ﬁpper and lower "zones of stress".‘ Within these
zones the organism is placed under a special burden, and the closer to the

limits of tolerance, the greater the stress on the organism (Darnell 1976).

Different environmental facﬁors often do not operate independently of each
other. When an organism is stressed by one factor, its limit of tolerance
to other factors tend to be reduced. Limité of tolerance are broadly,‘not
sharply, defined due to this interaction of factors. The range of
tolerance, limits of tolerance, optimum ranges, and zones of stress usually
differ among spécies. Some organisms have broad tolerance ranges while

others have narrow ranges of tolerance (Darnell 1976).

Salinity is a major limiting factor influencing theldistribution of marsh
plants (Walton and Patrick 1973), benﬁhic invertebrates (Ichthyological
Associates 1980), and fishes (Abbe 1967; Ichthyological Associates 1980) in
the Delaware estuary. It also inflﬁences the distribution of birds and
mammalé (Daiber 1977). Most aquatic organisms found abo§e Wilmington, DE,
are freshwater types tolerant of only small amounts of salt. Conversely,
most organisms found in Delaware Bay are marine types requiring high
salinity. In between the two zones, in the lower river and upper bay, are
found brackish-water types exist which tolerate intermediate salinities;
While many organisms are restricted to one of these zones, some function
over a broad range'of salinity and are inhabitants of two or three zones.
Species that occur throughout a broad range of salinities are said to be

"euryhaline". Those that have a narrow salinity range (e.g., marine and
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freshwater types) are "stenopaline". Many organisms that are dependent on
estuarine nursery areas have varying salinity tolerance levels during

different life stages of theﬁr development ; many marine finfish are
stenohaline as adults but are euryhaline during their egg, larval, and

juvenile life stages. |

The longitudinal gradient is greatest in the lower river and upper bay of

the oligo-mesohaline zone (average salinity 0.5 - 18.0 ppt) ‘(Daiber and

'

Smith 1972); (Ichthyological Associates 1980), Refer to Figure 3-1. The

dynamic nature of physio-chemical and hydrologic parameters in this &45-mile

|
| .
factors also create an abun@ance of food resources attractive to species

reach results in a variable and demanding enviromment. However, these

able to tolerate the salinity fluctuations. Tidal fluctuations enhance
productivity by supplying food, nutrients, and oxygen. Additionally,

f .
vertical mixing recycles and traps nutrients, sediments, detritus, and

planktonic organisms. The édjoining wmarshland also contributes to the food

base (Ichthyological Associates 1980).

The highly productive brackish reach is important to shellfish and fishery
resources. The area offers 'food, protection from stenohaline predators
(which inhabit the area of ﬁhe estuafy with average salinity of 16.5 to 30
pPt), and high water temper%tures during spring and summer, which favor
increased growth rates (Ich?hyological Associates 1980). Oysters thrive in
it partly because of protecgion against predation by oyster drills, which
are unable to withstand salinities less than 15 ppt. Blue)crabs mate there
and young crabs, after a pefiod of early development in downbay afeas, move
into the region to mature. Atlantic menhaden, weakfish, striped bass, white
perch, bluefish, suﬁmer flo@nder, American eel, white catfish, carp,

Atlantic Silverside, bay anchovy, mummichog, and spot use these waters for
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early growth. Buryhaline orégnisms occupying this reach have a distinct
advantage over stenohaline t%pes. Not only can they tolerate wide salinity
variation, but they use thisiability to maintain their populations. In
summary, the salinity charac#eristics of this reach favor abundant food
supply protection from preda%ion, and growth early in the life cycle for

species. These functions are important in maintaining populatioms of

. . .
valuable commercial and recrgatlonal species.

TIDAL MARSHES

Approximately 165,000 acres pf tidal marshes border the tidal Delaware River
and Bay. Most of these'wetlénds occur in Delaware and the lower New Jersey
counties of Salem, Cumberland, and Cape May. Relatively little wetlands
remain in Pemnsylvania or in the upper New Jersey counties of Gloucester

Camden and Burlington (Daiber et al. 1976; Ferrigno et al. 1973).

Research has raised the possibility that salinity may be a major factor
influencing distribution of hany wetland plants (Ferren and Schuyler 1980).
Throughout the upper part of the estuary, extending from Trenton, NJ, to

Wilmington, DE, tidal marshes are of the freshwater type. Common plant

species include Scirpus americanus, S. olneyi, Polygonum punctatum,

Eileocharis spp., Saggitaria spp., Zizania aquatica, Peltandra virginica,

Nuphar advena, Pontederia sép. and Lythrum spp. (Walton and Patrick 1973).
These species also occur in 'inland freshwater tidal marshes along the bay
(Daiber et al. 1976; Walton 'and Patrick 1973). 1In general, these species

are not able to tolerate salinities in excess of 5 ppt.

Proceeding southward down the estuary from Wilmington, the marshes gradually

1 - . .
change to saltmarsh type. Common species in this area of the estuary are

|
Phragmites communis (dominapt in mid-estuary), Spartina alterniflora,
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S. patens, Distichlis spicata, Iva frutescens, and Baccharis halimifolia

.‘ (Walton and Patrick 1973). These species are euryhaline and, except for P.

communis, are tolerant of salinities up to and exceeding seawater

concentrations.

Symptoms of salinity stress on species of marsh plants include the yellowing
or blanching of leaf margins. Toxic concentrations cause twisting and
finally necrosis (i.e., death of living tissue). Toxicity symptoms
generally first appear on the older leaves and progress to the younger

foliage (Haller et al. 1974).

The majority of saltmarsh flora show maximum seed germination under
freshwater conditions. Germination time is often correlated to a period of
minimum soil salinity. High salinity inhibits the germination process
(Chapman 1966). Seeds and young seedlings are usually more sensitive to

. salt concentrations than are established plants (Woodhouse 1979).

Major saltmarsh species (i.e., Spartina alterniflora) show better growth

under less Saline conditions. The great majority produce the best growth
under slightly brackish or freshwater conditions. High salinities, although
not .survival threatening, tend to cause a stunting éf.plant growth (Chapman
1960; Adamsv1963; Gosselink 1970; Phleger 1971; Palmisano 1972; and Haller

et al. 1974).

BENHTIC INVERTEBRATES

At least 180 species of benthic invertebrates inhabit Delaware Bay (Leathem
et al. 1976). A total of 109 and 125 species were collected in baywide

sampling in 1972 and 1973, respectively. The most widely distributed

. ' species were Tellina agilis, Heteromastus filifomrmis, Glycera dibranchiata,

3-7



Nephtys picta, Mulina lateralis, Protohaustorius wigleyi, Gemma gemma, and

Nucla proxima (Watling 35‘5;%‘1976).

Similar to other estuaries throughout the world, Delaware Bay exhibits a

t

greater diveréity of benthicfspecies as salinity increases (Carriker 1967).
A marked decline in species occurs in the reach adjacent to Woodland Beach,
I
I

Delaware. This is the area of tramsition between mesohaline and oligohaline

waters (Watling et al. 1976).

A total of 57 benthic—-invertebrate taxa were collected in the upper bay and

lower river during 1974-1976:(a period of relatively high river flows).

Scolecolepides viridis, Polydora sp., Paranais littoralis, Balanus
i

|
improvisus, and Cynathura pollita were dominant, comprising 78 to 80 percent

of annual mean density of total benthic invertebrates. These taxa are

physiologically tolerant of the wide range of salinity in this part of the
|

estuary (Ichthyological Asso#iates 1980).
i

|
A total of 70 benthic-inver@ebrate taxa were collected in the Delaware River

between Beverly and Burlingtbn, New Jersey, during 1970-1973. Limmondrilus

spp., Procladius culiciforms, Corbicula manilensis, and Peloscolex ferox
dominated the catch (Crumb 2977). These species do not appear in catches
taken in the lower river and bay (Ichthyological Associates 1980, Watling et

al. 1976) because of their intolerance to salinity.

The following 1s a summarized account of the effect of salinity on the most
g | .

. . . J .
commercially important invertebrates in the Delaware estuary.

'

|
e Crassostrea virginica - American oyster. The American oyster '1s an

euryhaline species found in the region extending from the Gulf of Saint




Lawrence to the Gulf bf Mexico. The species is also located in the West
Indies. In the Delaware Bay, natural seed oyster beds extend from the
vicinity of Egg Island Point (RM 22) to Liston Point (RM 48). Leased beds
occur south of Egg island Point to the mouth of Delaware Bay. Refer to

Figure 3-2.

The American oyster in the Delaware Bay is an essential resource for the
watermen of New Jersey and Delaware. Oyster harvests and productivity have
varied considerably since the late 1800'5. Oyster harvests were highest
from the 1800's to about the mid 1930's and were the lowest from the late
1950's to the late 1960's. Tﬂe decline was due to a combination of factors
including o;er-harvesting, disease, predation, fouling organisms, and water
quality (U.S. Fish and Wildlife Service 1979(b)). Some population recovery

‘and stabilzation have occurred since the late 1960's.

Oyster spawning begins in the Delaware Bay after water temparature exceeds
#50ut ZSOC, generally during June and July. Within one or two days,
microscopic larvae develop with a paif of transparent shells joined along a
straight hinge line. Between these shells is an extended swimming organ,
the velum, composed of a tuft of whip-like cilia, which enable larvae to

move vertically within the water mass.

For two weeks oyster larvae are transported back and forth by tidal
currents, gradually being carried seaward by the near surface non-tidal
drift. During their second week, oyster larvae generally remain on or close
to the estuary bottom where they are influenced by the upstream movement of
flood tide. Nelson (1921) postulated that the larvae in the Delaware Bay

were more active during increasing salinity periods; therefore, they would
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tend to rise actively during flood currents and be carried passively up the
estuary. Haskin (1964) indicated that salinity variations can be piaying a
dominant role in larval activity in nature even in the absence of halocline
or saltwedge. Later Hidu and Haskin (1978) further investigated oyster
larvae ;wim speeds in relation to differing salinities and suggested a toxic
compoﬁent to the salinity response. VAs ﬁhey approach setting size, larvae
work back upstream towards the beds from which they originally came using

the differential vertical movement in the tidal cycle.

Oyster larvae, which generally set the first few weeks of July, require a
clear hard substrate for attachment. The successful set of oyster spat is
dependent on a number of factors: the availability of cultch material to
set upon, the amount of fouling organisms on the cultch, and the success of
the spawn earlier in the month. The shells of living oysters are frequently

covered (fouled) with encrusting Bryozoa. Experiments demonstrate that

Membranipora, an encrusting bryozoa, and other fouling organisms cause
oyster settlement differences that are related to saliﬁity gradients (Haskin
.and Tweed 1976). Those shells in higher salinity areas have more dense and
diverse fouling communities and the setting surface for oyster spat is

reduced accordingly.

Ready-to-set oyster larvae (which are of a size barely visible to the
unaided eye), have developed an active foot with which they seek a clear
area on any solid object. Finding.this, the shell is cemented fast and
within six hours the foot, velum, and eyespots are absorbed (Nelson 1960).
Within a week after setting, spat suffer a mortality.of about 40% due
largely to mud-crab predation. After the first week, mortality rates
decline in the more saline seed beds due to alternate food sources for the
crabé and greater growth of the oyster's protective shell. Mortality rates

in the less saline beds further up the estuary remains high.
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The oyster drill Urosalpinx cinerea is an important oyster predator on the

Atlantic Coast. In some yea#s, oyster drills, account for up to 33% of the
summer oyster mortalities inEDelaware Bay. A single drill, depending on its
size, can kiil anywhere fromf30-200 oysters per season. Eafly studies
conducted by the Oyster Rese%rch Laboratory in New Jersey indicated that the
drill is limited to its inv&éion of upper Delaware Bay by salinities at the
time of its reproduction in%late spring and early summer. Egg laying by
drills begin at water temperatures of 15°C (about May 1), reaches its peak
at 20°C (about June 1), andEgradually declines into the summer and fall.
Short exposure to salinitie% below 15 ppt will control predation at these
‘times, and, thus prevent su€cessfu1 oyster drill reproduction. Lowered
salinities during periods o% high summertime water temperatures can also

kill adult drills (Haskin and Tweed 1976).

Another cause of significant oyster mortality was discovered in the spring

’ . . . . .
of 1958 and given the name Minchinia nelsoni, and is commonly known as 'MSX"

(multinucleate - sphere X) (Haskin, Stauber, and Mackin 1966). The micro—

. ‘ .
organism, a protozoan, invades oysters through the epthelial tissues of gill,
palp, water tubes, and occasionally the digestive tract.

The activify of MSX has fluétuated, with the highest oyster ﬁortalities
experienced in the late 195b's, 1964-1967, and again in 1972. Historical
data of Delaware oyster bedg show that MSX has been consistently highest in
the lower bay and lowest in%the beds in lower salinity areas. (Miller
1950). Laboratory experime;ts have shown that there is considerable
remission when transferred to low-salinity areas. Salinity has not
explained all the increased MSX disease activity since first recprded in the
Delaware Bay in 1957; normal levels of salinity have also, at times,

coincided with the outbreak of disease.
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e Callinectes sapidus - Blue crab. A second major commercially developed

shellfish is the blue crab (Callinectes sapidus). Commercial crabbing began

in the 1870's and records have been maintained by individual States since
'1880. , Since 1929, the catch for the East Coast of the U.S. has steadily
increased, reaching an annual average of 119 million pounds (8.5 milliop
dollérs value) during 1969-1970. Most of the crabs came from Chesapeake Bay
(Van Engle et al. 1973). During the period 1971-1977, the average annual
catch in the Delaware Bay was 4.0 million pounds with an average annual

value of 1.0 million dollars (U.S. Fish and Wildlife Service 1980 (a)).

Blue crabs are caught throughout the year by use of many techniques.
However, commercial crabbers concentrate primarily on two types in Delaware
BaygAbaited pots and winter dredging. Baited pots are used from May to
December aﬁd constitute the most important harvesting method in Delaware.
During the winter, fisherman harvest most crabs with a basket~like dredging

device that is towed on the bottom of the lower bay.

The blue crab has recreational as well as commercial value. Sport fishermen
gather crabs with handlines, dipnets, trotlines, or pots (Van Engle et al.

1973).

Although the life cycle of the blue crab has been studied in greatest detail
in Chesapeake Bay, it is believed to have a similar cycle in the Delaware
Bay (Epifanio and Garvine 1979). Mating occurs from March to October in the
upper parts of the bay. Shortly afterward, females move to higher salinity
waters in the lower bay, some migrating into the ocean. Egg laying may |
occur in August, but is most often délayed until the following May or June

(Van Engle 1958).
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A spawning female may produce from 700,000 to over 2 million eggs, which are

attached to form a sponge or eggmass underneath her abdominal flap. It has
been estimated that for every million eggs spawned, one adult is eventually

produced (Van Engle 1958). The eggs develop and hatch in about two weeks.

The larval (zoeal) stage devélops through seven molts, which take from 31 to

i

49 days, and takes place moré abundantly in higher salinity water,
concentrated near the surfac?. After the seventh zoeal molt, free swimming

megalops develop. After six!to nine days, swimming ceases and the animals

settle to the bottom fully c?pable of walking (Daiber et al. 1976; Tyrawski

|
1979). The last molt of megalops transforms the larvae into a small

adult—1like crab, slightly more than ome inch in length.

Juveniles generally remain with the adult males in lower salinity areas
during the summer but migrate down bay to higher salinity water during the

fall and winter (Miller et al. 1975). Juveniles mature in approximately

|

12~14 months (Daiber et al. 1976) and live an average of three years.

Optimum salinity for hatchin% of eggs is 23 to 30 ppt. Salinities below 9
. _ | .
ppt and above 33 ppt prevenﬂ_hatching. Optimum salinity for early =zoeal

\
development is 21 to 28 ppt.: Salinities below 18 ppt or above 29 ppt.
decrease larval activity (Sandoz and Roger 1944). Late stage larvae die if
exposed to 32 ppt {(Costlow and Bookhout 1959). Megalops tolérate salinities
of 10 to 40 ppt, but are inﬁolerant of 5 ppt. Duration of the megalops life

stage increases in the salinity range from 20 to 40 ppt (Costlow 1967).

Juvenile crabs die if exposed to very low salinities (1 ppt). The mortality
at this salinity level has a high correlation with the molting phase control

the osmotic process upon which molting depends (Holland et al. 1971). This
i

control is lacking in the larvae and is reported to be differently developed

in adult males and females;!males are more efficient osmoregulators than
females (Tan and Van Engle 1966).
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FISHES

The Delaware estuary is inhabited by at least 228 species of resident aqd
migratory fishes (Table.3-1). It is primarily important as a spawning,
nursery ground, and summer and winter feeding gr§und.. Early life stagés of
112 speéies have been detected in tidal waters and non-tidal waters near the
tidal limit in the State of Delaware (Wang and Kernehan 1979). Eggs and/or
larvae of 44 taxa were co}lected near Artificial Island (Ichthyological

Associates 1980).

At least 30 species of fish are commercially taken in the estuary. During
the period 1960-1975, 58 million pounds of fish valued then at 3.2 milliomn
dollars were harvested. The most commercially valuable species during that

period were Brevoortia tyrannus, Morone saxatilis, Cynoscion regalis,

Anguilla rostrata, Alosa sapidissima, and Morone americana.

Recreational fishing is an important industry in the bay. Martin (1973)
reported that 330,935 man-days of recréational fishing activity took place
on boats on the Delaware side in 1973. Smith (1975) estimated that
sportfishing contributes 4.5 million dollars to the west bay economy.
Miller (1977) estimated 225,129 man~days of shore fishing from the Delaware
side ‘in 1976. Aﬁ estimated 300,000 to 650,000 man-days of sportfishing
effort have been expended annually on the New Jersey side (U.S. Fish and
Wildlife Service 1975). Weakfish, summer flounder, black sea bass, black

drum, and bluefish are the most sought after species (Martin 1973).

The following is a summarized account of the effect of salinity on the most
important commercial and recreational fishes and four important forage

fishes in the Delaware estuary.
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Table 3-1 List of fishes collected from the Delaware Estuary: Trenton to the
Sea. Type of species: m = marine; b = brackish (Salinity 1-10 ppt); .
f = fresh. Primary jactivity: m = migrant; sp = spawning; sf = summer
feeding; wf = winter, feeding; n = nursery; r = resident; st = stray
(Thomas 1971; Maurer and Wang 1973; Miller et al. 1975; Wang and
Kernehan 1980). ; :

Species ; Type of Species Primary Activity
Petromyzon marinus 5 m, b, £ om
Carcharias taurus j ) m, b sf
Alopias wulpinus m sf
Odontaspis taurus m m
Carcharhinus milberti m sf

C. obscurus m st
Mustelus canis m sf
Prionace glauca m sf
Scoliodon terra and nova m st
Sphyrna tiburo m sf

5. zygaena m ‘

Torpedo nobiliana | m st
Scyliorhhinus retifer m m.
Squalus acanthias m wi
Squatina dumerili m sf

Raja eglanteria m n, sf

R. erinacea m wi

R. garmani m st

R. laevis m

R. ocellata m wk

R. radiata m

Dasyatis centroura m st

D. sabina m

D. sayi m n, sf
Gymnura altavela m

G. micrura ) m

Urolophus jamaicensis m st
Myliobatis freminvillei m sf
Rhinoptera bonasus m st
Hydrolagus colliei m st
Acipenser oxyrhyncus m, b, £ n

A. brevirostrum m, b, £ m
Megalops atlantica m st
Anguilla rostrata m, b, £ m, sf, n, T
Conger oceanicus m n

Alosa aestivalis ! m, b, £ sp, N

A. mediocris m, b, f sp, n, sf
A. pseudoharengus m, b, £ sp, 1

A. sapidissima m, b, f sp, n, sf
Brevoortia tyrannus m, b, f sp, n, st
Clupea harengus m, b Sp, 1
Dorosoma cepedianum ‘ £, b r, Sp

3~16



Table 3-I(continued).

"~ Species

Etrumeus teres
Opisthonema oglinum
Anchoa hepsetus

A. mitchilli
Engraulis eurystole
Umbra pygmaea

Esox americanus

E. niger

Synodus foetens
Carassius auratus
Cyprinus carpio
Exoglossum maxillingua
Hybognathus nuchalis
Notemigonus crysoleucas
Notropis analostanus
. cornutus

. bifrenatus

. hudsonius

N. prounce
Rhinichthys atratulus
R. cataracte
Semotilus corporalis
Carpoides cyprinus
Catostomus commersoni
Erimyzon oblongus
Hypentelium nigricans
Ictalurus catus

I. natalis

I. nebulosus

I. punctatus

Noturus gyrinus

N. flavus

N. insignis

Opsanus tau

Lophius americanus
Enchelyopus cimbrius
Gadus morhua
Melanogrammus aeglefinus
Merluccius bilinearis
Pollachius virens
Urophyscis chuss

U. regius

U. tenus

Cypselurus heterurus
Hyporhamphus unifasciatus

===z

Type of Species

Primary Activity

Ablennes hians
Hemiramphidae
Strongylura marina

S. raphidoma
Cyprinodon variegatus
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Table3~-1(continued).

Species

Fundulus diaphanus

F. heteroclitus

F. luciae

F. majalis

Lucania parva

Gambusia affinis
Rissola marginata
Membras martinica
Menidia beryllina

M. menidia

Polymixis loweil
Apeltes quadracus
Gasterosteus aculeatus
Hippocampus erectus

H. hudsonius

H. obtusus

Syngnathus fuscus

S. pelagicus
Centropomus undecimalis
Fistularia tabacaria
Macrorhamphosus scolapax

Species

Centropristes striatus
Epinephelus niveatus
Caranx crysos

C. hippos

Decapterus macarellus
C. punctatus

Selar crumenopthalmus
Selene vomer

Seriola dumerili

S. zonata

Trachinotus carolinus
T. falcatus

Trachurus lathami
Vomer setapinnis
Coryphaena hippurus
Orthopristis chrysoptera

Lagodon rhomboides
Stenotomus chrysops
Chaetodipterus faber
Lutjanus griseus
Rhomboplites aurorubens
Bairdiella chrysura
Cynoscion regalis
lLeiostomus xanthurus
Menticirrhus saxatilis
Micropogon undulatus
Pogonias cromis
Sciaenops ocellata
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Table 3-1(continued).

Species

Palinurichthys perciformis
Peprilus alepidotus
Poronatus triacanthus
Psenes maculatus

Mugil cephalus

M. curema

Pholis gunnellus
Sphyraena borealis
Ulvoria subbifurcata
Astros y — graecum

A. guttatus

Chasmodes bosquianus
Anarhichus lupus
Macrozoarces americanus
Gobionellus boleosoma

G. oceanicus

G. bosci

G. ginsburgi

Microgobius thalassinus
Peristedion miniatum
Prionotus carolinus

P. evolans

Hemitripterus americanus
Myoxocephalus aenaeus

M. octodecem spinosus
Liparis liparis

Dactylop teridae
Dactylopterus volitans
Citharichthys spilopterus
Paralichthys oblongus
Ammodytes americanus
Symphurus plagiusa
Echeneis naucrates

Remora osteochir

R. remora

Citharichthys spilopterus
Etropus grossotus

E. microstomus
Paralichthys dentatus

P. oblongus

Scophthalmus agquosus
Glyptocephalus cynoglossus
Limanda ferruginea
Pseudopleuronectes americanus

Type of Species

Trinectes maculatus
Chaetodon ocellatus
Holacanthus bermudensis
H. ciliaris

Tautoga onitis

T. adsperus
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Table3-1{continued).

Species : Type of Species Primary Activity
Scarus guacamaia m

Trichiurus lepturus ! m

Acanthocybium solanderi m

Scomber japonicus m

Scomberomorus cavalla m

Thunnus alalunga m

T. thynnus m

Authynnus alletteratus

Sarda sarda m

Scomber scombrus m, b .
Makaira albida m st

M. nigricans m st
Xiphias gladius m st
Aluterus schoepfi m, b? st
Balistes capriscus m

Monacanthus hispidus m

Lagocephalus laevitagus m

Sphaeroides maculatus m, b st
Morone americana b, £, m n, Sp

M. saxatilis : b, £, m n, Sp
Pristigenys alta \ m, b n
Enneacanthus chaetodon £ st
Lepomis auritus £ r, Sp

L. gibbosus £, b r, SP

L. macrochirus f, b r, sp, 1
Micropterus salmoides f, b T, SP, 1
Pomoxis annularis £, b r, Sp, n
P. nigromaculatus f, b r, Sp
Etheostoma fusiforme f, b

E. olmstedi £, b

Perca flavescens f, b r, Sp, n
Percina peltata £ r, Sp
Stizostedion vitreum £ T
Pomatomus saltatrix m, b, £ n, sf
Chilomycterus schoepfi m

Ostracion diaphanum m, b

Mola m sp
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e Brevoortia tyrannus — Atlantic menhaden. The Atlantic menhaden has been

commercially iﬁportant since colonial times. In fact, during much of this
century it supported the largest commercial fishery, tomnage-wise, along the
Atlantic Coast. Since the mid-1960's, though, it has been of relatively
little economic value to the Delaware Bay fishing industry. Ecologically,
it remains an important link in the food chain as a plankton feedervand a
prey species for many cbmmercially and recreationally important fishes such

as bluefish, weakfish, and striped bass.

The Atlantic menhaden spawns in waters off the Atlantic Coast. Hatching
occurs at sea and in areas close to shore from late spring through early
winter (Durand and Nadeau 1972). After hatching, larvae migrate or are
transported into estuaries to oligohaline and freshwater nursery grounds.
The Delaware River from Wilmington to Artificial Island and the Chesapeake
and Delaware Canal are important nursery gréunds (Wang and Kernehan 1979)-
Tidal creeks of the lower Delaware River are also important (Smith 1971).
Young fish eﬁigrate to higher saliniﬁy and deeper waters as water
temperatures decline in fall; most migrate south and spend winters in

offshore waters (Wang and Kernehan 1979).

Lewis (1966) studied menhaden 1;rvae at different salinities in a laboratory
setting and found that ome~third of those held betwéen 15 ppt-40 ppt
developed spinal abnormalities. He suggested that larvae have a better
chancé to survive in the estuary if temperatures remain above 40C and
'salinity ranges from 10-20 ppt. Le%is also suggeéted that salinity and food
supply affected upstream distribution of the larvae more than temperature.
Lewis an& Hettler (1968) found that témperature, not salinity, had the

greatest effect on survival of young menhaden.

3-21



e Morone saxatilis - Striped|bass. The striped bass is an anadromous
I

species; it spawns in the lowér reaches of large rivers. Its most important
{

spawning grounds are the Roanpke River, certain tributaries of Chesapeake

Bay, the Chesapeake and Delaw%re Canal, and the Delaware and-Hudson

estuaries. Stocks have beengreduced in the Delaware estuary since 1940

(Tyrawski 1979) for reasons ﬂrobably related to lack of suitable spawning

habitat (Ichthyological Assoqiatesv1980).

Along the mid and north Atlaﬁtic Coast it is an important (greater than $20
million annually) sport and commercial species (Dovel 1977). The estimated
commercial gili net landing in 1980 for the State of Delaware ranked striped
bass fifth in pounds landed and third in doller value (Seagraves 1981). The
Delaware sport catch is of minor importance, comprising less than two

percent of the State's totall landings.
i
Adults spend most of the yea% in the lower bay or offshore, entering the
|
upper bay and lower river fo& spawning in April and May. Some eggs have
been taken near Artificial I%land, the product of local spawning and/or
transport from the Chesapeake and Delaware Canal, or both. The young

utilize this area as a nursery ground during summer and fall (Ichthyological

Associates 1980), eventually moving to the lower bay in winter.

Albrecht (1964) demonstrated that low salinities (0.9 ppt) enhance egg
survival, salinities around£4.6—4.7 ppt are not detrimental, and higher
salinties decrease egg surv%val. Tagatz (1961) showed that adult and
juveniles are able to toleréte abrupt changes between salt water (34 ppt)

and freshwater at most températures.
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Turner and Chadwick (1972) found highly significant correlations between
striped bass abundance, salihity, and water diverted from the Sacramento-
San Joaquin delta area, the first two of which were related to the amount of
river flpw. Annual striped bass distribution was also:related to river flow
and salinity, with bass being found further upstream.in years of low runoff

and high salinity.

Time of spawning and distribution of young bass are also function of flow,
with spawning taking place later and the young being found further
downstream during high flows. Water temperature appears to be the critical

factor for egg survival (Bason 1971).

Chittenden (1971) concluded that gross pollution of the tidal freshwater
area of the Delaware River has destroyed its potential as a spawning and
nursey area. This damage may not be permanent, as efforts are underway to

clean up the river (U.S. Environmental Protection Agency 1979; 1980).

e Cynoscian regalis - Weakfish. The weakfish (locally called seatrout) is

the most economically. important finfish in the Delaware Bay in recent

years, during 1930-1949 it was the second most abundant food fish in
commercial landings from New York to Virginia (Perlmutter 1959). In 1955 it
rankéd first in commercial food fish landings in the Sﬁate of Delaware and
second in sport catch within the Bay (Daiber 1957). Since 1969 the weakfish
has been the most important species in the annual multi-million dollar
Delaware estuary marine sport fishery. A recent incréase in abundance and
specimen size is probably the major reason for the reported tripling in
sport fishing effort in the Delﬁware Bay during the 1970's (Lesser and

Ritchie 1979).
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Adults spawn in the lower bay from about May through September (Smith
1971). Eggs have been coll%cted as far up-bay as Mad Horse Creek (RM 45)
(Wang and Kernehan 1979). éfter hatching the larvae sink to the bottom of
the water column to be carried upstream by subsurface flow (Thomas 1971).
Free swimmingilarvae and yo#ng move up the estuary as far as Wilmingtonm,
Delaware, with low dissolved oxygen concentrations in the area perhaps
serving as a limiting facto; (Wang and Kernehan 1979). Young weakfish also
utilize the tidal creeks of the upper part of the estuary as nursery grounds
(Smith 1971; Thomas 1971), moving to the lower estuary in the fall and
eventually wintering in nearshore areas along the coast (Ichthyological
Associates 1980).

\
Optimum hatching of eggs océurs between salinties of 12-32.5 ppt (Maurer and
|

Wang 1973). Sudden changesiin salinity of 5-6 ppt increase mortality of

eggs. Normal movemént of eggs by tidal currents from one salinity zomne to
another may cause egg mortélity. Also, freshwater inflow from tributaries
during periods of heavy watérshed runoff may sufficiently lower salinities

to cause egg mortality (Harﬁic 1958).

e Anguilla rostrata - American eel. The American eel is a catadromous

species; it lives in freshwgter systems, but spawns at sea. - Young,
transparent ''glass eels" aré carried by ocean currents and eventually swim
to the mouths of coastal estuaries where they develop further into elvers
and eventually adults. Each year glass eels first appear in the Delaware

|
estuary during December andicontinue to enter the estuary throughout the

month of May. Most young move up the estuary to low salinity and freshwater

areas, especially tidal tributaries (Wang and Kernehan 1979).
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Smith (1971) collected eels in four low salinity (1-10.5 ppt) tidal
tributaries of the Delaware Bay. DeSylva et al. (1962) collected eels in
many different areas of the bay. Jeffries (1960) suggested ;hat low
salinity values or temperature gradients attract young eels from the sea

into estuaries.

® Alosa sapidissima ~ American shad. The Delaware was once considered the

best shad-producing river along the Atlantic Coast. The catch peaked in
1896 when 19,203,000 pounds were taken by shore-seines and drift nets. From
the beginning of the 20th Century, the catch of shad declined drastically to
the point where_it was of oniy minor economic importance. In recent years,
however, the shad fishery has begun to recover due to increased efforts
toward improved water quality conditions. The American shad in 1980 ranked
third in pounds landed and second in value of the in-shore gill net fishery
in the State of Delaware (Seagraves 1981). It is an anadromous species,
spawning upstream in the non-tidal portion of the Delaware River. Spawning
adults normally pass through the estuary in early spring before the
dissolved oxygen "barrier" establishes itself in the Philadelphia area. The
seaward migration of the juveniles usually begins in September and peaks in
October (Tyrawski 1979). Most adults die after spawning but some survive

and return to the sea (Gunter et al. 1974).

Chittenden (1973) found no mortality in young shad subjected to salinity
increases, including abrupt changes from 5 ppt to 30 ppt. Complete
mortality‘occurred with abrupt salinity decreases from 30 ppt to O ppt, but

no mortality was noticed with only gradual decreases in salinity.
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e Morone americana - White perch. The semi-anadromous white perch migrates
N i

from mesohaline waters (5-18!ppt) of the Delaware Bay in spring, moving

t

upriver to spawn in low sali&ity or freshwater. Spawning is most common
above Newbold Island, but aﬁso occurs from Lambertville to Artificial
Island. After spawning, adJlts begin to move in prolonged stages back down
river. ,They prefer low salﬂnity or freshwater in the Delaware River and
tributaries. Adults and yo#ng continue to move downriver in late summer and

fall, ultimately wintering in the deep, warm waters of Delaware Bay

(Ichthyological Associates 1980).

i
Eggs were collected in the 4rtificia1 Island area at salinities ranging from
0.0-0.5 ppt. Larvae were taken at 0.0-0.6 ppt (Ichthyological Associates
1980). Mansueti (1964) found that larvae will survive salinities up to 8

ppt. The species has been éaught at salinities up to 30 ppt. (DeSylva et

al. 1962).

Adults and young are abundaﬁt south of Artificial Island when heavy runoff
causes salinity in the river to be low (less than 5 ppt). As salt water

intrudes upstream, they move upriver and into local creeks (Ichthyological

Associates 1980).

The effect of salinity on four important forage fishes is summarized as

follows:

® Menidia menidia — Atlantic silverside. The Atlantic silverside is a

euryhaline species that inhébits shallow marine, estuarine, and tidal
freshwaters of the Atlantic ' Coast. Although, it has been collected over a
wide range of salinities in the Delaware estuary, it is most adundant at
salinities greater than 15 ppt (Ichthyological Associates 1980). DeSylva et
al. (1962) described the At@antic silverside as the most widespread and with

|

3-26




the exception of the bay anchovy, the most abundant fish in the mesohaline

(5-30 ppt) portions of the bay. The species is a major source-of foragé
food for commercially importént piscivorous fish (Ichthyological Associates

1980).

Silverside eggs are usually found in salinities above 10 ppt (Daiber et al.
1976) from April through August. Optimum salinity is reported to be 30 ppt

(Middaugh and Lempesis 1976). However, eggs have been spawned in salinities

“as low as 2 ppt (Wang and Kerhehan 1979). Reduced salinity (10 ppt) delays

and lowers hatching success, with larvae survival better at 30 ppt than at
20 ppt (Middaugh and Lempesis 1976). Adults have been collected in

salinities ranging from 2 to 35 ppt (DeSylva et al 1962).

e Anchoa mitchilli - Bay anchovy. The bay anchovy is an euryhaline species
that is abundant and ubiquitous in the Delaware estuary. Spawning occufs in
the mid to lower portions of the estuary at salinities of 5.0 ppt.and
greater. Larvae are transported into low salinity nursery grounds (3-7
ppt), mature, and remain there until declining water temperature initiates a
downstream movement to deepwater areas in the lower bay (Ichthyological
Associates 1980). The bay anchovy is considered a very important forage
fish within Delaware Bay because most of the larger predatory fish are known
to feed heavily upon it (DeSylva et al. 1962). Wang and Kernehan (1979)
report that peak spawning activity likely occurs at. 10-20 ppt and that
little successful spawning occurs at salinities less than 5 ppt. Normally,:
low numbers of eggs are taken in the Artificial Island area whefe salinities
are generally less than 10 ppt. However, dﬁring 1974, when salinity often
exceeded 10 ppt, large numbers of eggs were taken, suggesting that an up&;rd

shift in the estuary had occurred (Kernehan et al. 1975). Larvae and young
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do occur over a much more e#tensive range of salinity (0.0-31.0 ppt.) than

- I .
eggs although they are muchjmore abundant at lower salinities (0-5 ppt)

(Wang and Kernehan 1979). 4du1ts occur in salinities of 0-31 ppt (DeSylava

et al. 1962).
|

e Fundulus heteroclitus — Mummichog. The mummichog is a resident
l

euryhaline species that is common in shallow inshore waters, tidal creeks

and marshes in the Delaware;estuary. It occurs in salinities ranging from
freshwater to sea water, bu§ is most abundant in mesohaline waters (5.0-20.0
pPt). Spawning OCCurslprimérily in mesohaline water during April through
August with peaks in activiéy coinciding with lunar spring tides. Larvae
and young prefer shallow wa%ers for nursery grounds (Wang and Kernehan

1979). The mummichog is an|important food item for game fish and blue crab

(Ichthyological Associates 1980).

|
Eggs are extremely tolerant to a wide variation in salinity. Both extremes,

i
|

freshwater and salinities f%r in excess of salt water, do not affect

survival (Yamamoto 1941). Joseph and Saksena (1966) found that larvae also

have an extremely wide salihity tolerance (0.39-100 ppt). DeSylva (1962)

!
collected adults in the Delaware estuary at salinities from O to 35 ppt.

e Leiostomus xanthurus - §?ot. The spot is a small sciaenid (drum family)
fish common in inshore and estuarine waters of the Atlantic and Gulf
Coasts. It is one of the most abundant species in the Delaware estuary.
Older young adults prefer higher salinity waters but small young prefer low
salinity water as nursery grounds (Wang and Kernehan 1979). Spot spawn off
the coast in winter and eariy spring (Dawson 1958). Larvae and the young
migrate inshore to estuarine nursery areas followed by the adults. Young

spot reach the Delaware estuary during April (Wang and Kernehan 1979) and .
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move upstream as far as Wilmington (Preddice 1974). Tidal creeks are also
used as nursery areas (Smith 1971). Spot move out of the estuary in the -
fall (Wang and Kernehan 1979). Large predatory fish such as striped bass

feed on spot (McClane and deSylva 1972).

Since spot spawﬂ in marine waters, eggs are salt tolerant. Wang and
Kernehan (1979) report that young spot are inhabitants of both deeper
channel waters and inshore waters of the lower Delaware River, which could
indicate that they utilize both deep and shallow waters to reach low
salinity nursery grounds. It is probable that only those young of the year
that have developed locomotion capabilities utilize the shallows during
their migration. Juveniles have been taken in salinities ranging from
freshwater (0 ppt) (Nelson 1967) to full-strength sea water (34.2 ppt)
(Springer and Woodburn 1960). Adults have been captured in salinities of

0-60 ppt (Dawson 1958).

WILDLIFE

The Delaware estuary is inhabited by many different species of birds,
mammals, amphibians, and reptiles. An estimated 300,000 ducks and geese,
comprising 30 species, winter in the estuary, mostly in tidal wetlands,
providing an estimated 320,000 man-days of hunting annually. The estuary
also supports a valuable fur industry, with muskrat and racoon being the
most important species. An estimated 118,000 man-days of trapping occur

annually, (U.S. Fish and Wildlife Service, 1979(a)).

Salinity influences wildlife composition in the estuary. Distinctive

plant-animal relationships exist in the tidal marshes. The absence of
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certain plants due to an indbility to tolerate the salinity. regime may

result in the absence of ceqtain wildlife species or a reduction in

|
population levels of those %pecies (Daiber 1977).

Muskrats inhabit all wetland types within the estuary, including saltwater,
|

brackish, and freshwater marshes. Population densities vary greatly,
depending on such habitat factors as diversity and abundance of food plants,

availability of animal foods throughout the winter, maintenance of optimum

water depth, and availability of denning sites if suitable vegetation is

lacking for construction of muskrat houses.

Muskrats can survive in salinities upward of 30 ppt. However, muskrat food
and populations decrease as salinity increases (Harris 1937; Dozier 1947 et

al. 1948;\Daiber 1977). Mu%kraté prefer the less saline types of vegetation

|

such as Scirpus olmeyi, S. robustus, S. americanus, and Typha spp. Less
J

favored foods are Spartina glterniflora, S. patens, Distichlis spicata, and
|

‘ I3
Juncus romerianus (Daiber 1?77). Dozier (1947) reported slight differences

in the weights of muskrats based on salinity difference in habitat. Heavier
specimens were associated with lower salinities. He also indicated that

!

muskrats tend to be more abundant where tidal influence is reduced.

Waterfowl use the estuary as a staging ground during migration and also as a
wintering area. Most use i$ concentrated in and around the bay and lower

|
river where much of the tidal marsh is located. Freshwater and brackish

plant foods are favored, al#hough certain waterfowl do consume saltmarsh
|

plants or animal foods asso?iated with salt marshes.
Stewart (1962) considers "brackish estuarine bays" to be the most important
habitat for waterfowl. “Fresh estuarine bays", "brackish estuarine marshes”,

and "estuarine river marshes" also attract large numbers of waterfowl.
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"Salt estuarine bay marshes", characterizéd by high salinityiand narrow
tidal fluctuation, are used exteqsively by black ducks, but other species
are scarce. Daiber (1977), comménting on Stewart's results, noted that a
relatioqship exists between the horizontal distribution of salinity and
vegetation types and foodAhabits. He presumed that this is a reflection of

increased diversity and availability associated with less saline areas.

The Delaware estuary is used by numerous species of herons, ibises, and
egrets, all three commonly known as large wading birds. The birds range
throughoutvthe'estuary in saltwater, brackish, and freshwater areas. Their
food habits include a great variety of animal foods and only incidental use
of plant materials. Fish, eels, frogs, toads, salamanders, lizards, snakes,
crayfish, and many kinds of insects are eaten. Some of the large ﬁerons
prey on mice, birds and young rats (Bent 1963). In general, large wading
birds are mobile, opportunistic feeders, adept at capturing prey under

diverse conditions.

Two important heron rookeries (or nesting sites) occur in the estuary. Both
are located in the oligohaline zone. Data collected in 1977 show that Pea
Patch Island provided nesting for nine species of wading birds, totaling
ovef-6,000 pairs. The J. Gordon Armstrong site near Delware City, Delaware,

supports over 100 pairs of great blue heroms.

Salinity changes may effect the distribution of food such as crustaceans and
fish for wading birds. However, it is unlikely that these changes would
have a significant effect on wading bird pdpulations. The birds are mobile
enough to take advantage of feeding opportunities elsewhere. It appears
that human interference or lack of nesting habitat may be f;ctors limiting
to wading birds, not the variety or 1éck of food, which occurs throughout

the estuary in all salinities.
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Small wading birds, also knoﬁn as shorebirds, also are inhabitants
throuéhout the estuary. They are most common along sandy beaches, mudflats
and the shallows of ponds, streams, and tidal guts. Except for the spotted
sandpiper, willet, black-necked stilt, killdeer, and possibly the piping
plove%, all the shorebirds b;eed north of the estuary, many on Canada's

arctic tundra.

Shorebirds, in migration, frequent most of the habitat types found in the
- Delaware estuary, feeding on a variety of small marine and freshwater
animals. Included in their diet are insects, worms, mollusks, crustaceans,

fish, and small amounts of plant material. The most productive feeding

areas are large tidal mudflats. Thus, shorebird concentrations are greatest
|

in the lower estuary where large expanses of tidal mudflats are more
common. Since shorebirds, like large wading birds, are wmobile,

opportunistic feeders, it is unlikely that shorebird populations would be

significantly affected by salinity changes.
"POTENTIAL EFFECTS OF ALTERING THE SALiNITY REGIME ON THE-DELAWARE ECOSYSTEM

In the following section qualitative "best estimates” of the ecological
effects of salinity change to the lower river and Delaware Bay are presented
to assist in decisions affecting the public resources of the Delaware

estuary.

TIDAL MARSHES

Salinity changes during spring would probably not change the composition of
the tidal marshes. Salinity during this time of year is normally depressed

and even substantial increases in salinity would not approach levels
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experienced naturally during the low flow period in summer. Measures to
reduce high summer salinity lévels may slightly benefit brackish marshes, by

preventing the expansion of salt marshes into new areas.

Although a compositional change in marsh flora is notlénticipated as a
result of increasing spring salinities, seed germination and plant gfowth
may be inhibited, causing a lowering of primary productivity. The magnitude
of the reduction would reflect the degree of salinity change. A significant
inhibition would be detrimental throughout the estuarine system, since
ﬁarshes:are a major source of detrital nutrients, fundamental components of

the estuarine food chain.

BENTHIC INVERTEBRATES

Above normal levels of spring salinity would permit down-bay benthic
inverteb;ates to invade the lower river and upper bay area. The invasion of
salt-tolerant benthic forms f#rtﬁer up the estuary than normally occurs
during this time period would increase benthic diversity, while reducing the
amount of habitat available to brackish and freshwater types. Reducing
salinity in the summer and early fall would repel or restrict the advance of

the salt-tolerant forms and benefit brackish and freshwater types.

Predacious oyster drills are among the marine species that would benefit
from higher spring salinity levels. These organisms would invade formerly
protected areas of thé natural seed oyster beds, reducing seéd stocks.
Although the upper beds in New Jersey would not be exposed to the drills,
these beds are less desirable as sources of seed because of reduced MSX
resistance and increased hauling distance for replanting at the leased'

grounds. Drills are already a serious problem on the Delaware seed beds.
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During a spring of naturallyioccurring low flow, further salinity increases

would aggravate the drill problem and cause additional economic hardship on
i

the oyster industry. .

The degree of hardship depenhs on the amount of salinity increases on the ;
I .
seed bed areas primarily during the months of May and June. Short exposures

to salinities less than 15 ﬁpt would control the upstream advance of oyster
drill reproduction. The adverse effect of increased spring salinities could
be mitigated or eliminated by refraining from storing water in April and May

|

(Delaware River Basin Commission 1981). Augmented flows during low flow
|

|
conditions would tend to co#pensate for increasing depletive use and rising
sea level, thereby maintaining a relatively "normal" position of the 15 ppt
isohaline and would tend to reduce the drill population (Haskin and Tweed

1976).

During a spring of higher f%eshwater discharge, increasing salinity would
benefit blue crabs (Pear'son‘J 1943). During spring periods of normal or lower .
discharge, there could be ;jshift up the estuary with increased salinities,
while in summer, decreasingssalinity would limit the shrinkage of nursery
i

habitat for the blue crab by maintaining preferred salinities downstream of

the severé water quality conditions near Philadelphia.

FINFISH

During the traditionally h%gh flow months of April and May influencing
salinity could also alter gome factors that determine residual bottom
currents which are believed to carry eggs and larvae into or up the bay and
lower river. Disruption of this process could interfere with early
development, adversely impdcting many estuarine dependent species, including

. ] . | . . .
important commexcial and recreational types. The degree of disruption would
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be dependent on the amount of spring flow reduction. During periods of high
to normal spring flows the impact would be minimal. During periods of low
spring flow any further reduction in freshwater flows would cause additional
stress to an already stressed estuary. If reductién of spring flows weré to
be significant, a disruption of residual drift could be harmful to
populaﬁions df Atlantic menhaden, weakfish, summer flounder, bay anchovy,

and spot (U.S. Fish and Wildlife Service 1980 (b)). The degree of spfing
flow reduction that would be required to disrupt residual drifﬁ in the
Delaware estuary is not known. Some spawning of these species continue
during late spring ana summer when flow regulation would be likely to

increase flows and thereby aid in the drifting process.

Increased spring salinity could shift spawning and nursery areas up the
estuary. The severity of impacts will depend on how far the salinity is
brought upstream and for what duration. An upstream shift could relocaté
the main concentration of weakfish young closer to the intake of the Saleﬁ
Nuclear Génerating Station, possibly increasing entrainment and impingement
losses. More eggs and larvae of striped bass would be brought closer to the
Philadelphia pollution zone, possibly increasing mortality. Finfish nursery
habitat could also be shifted up the estuary, closer to the Philadelphia

pollution zone, thereby reducing this important habitat type.

Reduced salinity in summer would limit the upstream shift of some fishes
that occurs with declining river flow. By maintaining the important nufsery
habitat és far downstream from the Philadelphia—Camden pollution zone as
possible, popula;ions of weakfish, striped bass, and other low salinity

dependent fishes would benefit.
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WILDLIFE

Increasing salinity in spring is not expected to change composition of

waterfowl food plants. However, lowered plant productivity as a result of , .
increased s;linity may force yaterfowl to forage over larger areas to obtain
needed food supplies. Reduc%d salinity in summer would prevent encroachment
of saltwater marsh plants int@ brackish plant communities. This would
benefit most waterfowl speciés since brackish marshes harbor a more diverse

food supply.

Neither would increased spring salinity affect the distribution of muskrat

food plants. Agaih, however, lowered plant productivity may affect the

amount of food available. Réduced summer salinity would prevent brackish

'

marsh from converting to saltmarsh, benefiting muskrats.

Due to their inability to take advantage of food opportunities presented

along the entire salinity grjadient, large wading birds and shorebirds are .
- [ . .. -

not likely to be affected by increases in salinity at any particular

location.

RESIDUAL CURRENTS

A consider;ble amount of concern has been recently expressed over potential
disruption of the upstream transport mechanisms utilized by eggs and larvae
of manyuaquatic estuarine organisms. Residual upstream bottom currents

result from several physical forces; those that are known include wind, the
Coriolis force, freshwater flow, and salinity density differential between
fresh and saltwater. The relative contributions of these forces to the net
residual Currentsvis unkno&n at this time. These residual currents are

|
f

postulated to transport or 'aid in the transport of oyster larvae,
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oystér-drill larvae, blue crab larvae, and various finfish eggs and larvae.
They are thought to pésition these organisms both spatiaily and temporarily’
in the nursery habitats required for these species. Soﬁe species, such as
oystér larvae, have the ability to migrate vertically upward during flood
ti&es in order to utilize the up-estuary tidal currents for migration, then
settle to the bottom during ebb tides to maintain these positions (Wood and
Hargis 1971). It is presently unknown how much residual bottom currents

contribute to the net upstream movement of this method of migratiom.

A reasonable hypothesis can be developed that the disruption of the residual
current trangport mechanism‘couid alter both mortality rates and growth of
passive migrants. The result could be a net decrease in overall fishery
production at a level suffiﬁient to cause a sizable reduction in commerical
and sport fisheries. At present, the factors that drive residual currents
are not completely understood. In order to assess the impacts of varying
residual curfents on those passively migrating organisms, it would be
necessary to quantify the relative influence of each of the contfibuting
factors that combine to produce velocity and timing of these residual

currents.
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INTRODUCTION

This appendix includes correspondence pertinent to the Delaware Estuary
Salinity Intrusion Study. During the Plan of Study coordination was
initiated;with regional, Federal, State and County agencies. Throughout
Stage 2, coordination continued with extensive liaison being maintained with
the study sponsor, the Delaware River Basin Commission (DRBC), and U.S.

- Department of Interior, Fish and Wildlife Service. Pertinent correspondence
is in;luded in this apﬁendix. An Executive Summary was prepared in 1980 and
distributed to all water users and interested parties. The Executive
Summary documented the resulté of the Phase 1 Economic Study (see page 40)
and indicated estimates of salinity-related costs (i.e. reélacement of
corroded parts and equipment, use of alternative water sources, and
treatment of saline water). Agencies which provided input during the course

of the study are:
a. U.S. Geological Survey - data on stream flow and water quality.

b. National Oceanic and Atmospheric Administration - tide data,

temperature, and density.

c. ﬁ.S. Fish and Wildlife Service — inventory of fish and wildlife

resources, salinity impacts on estuarine fish and wildlife.

d. National Fisheries Service — literature search and input to Fish and

-Wildlife Service work.

e. U.S. Bureau of Census - population data.



f. Delaware River Basin Commission — inventory of estuarine water uses,
|

water quality, population datia, water management plans (flows), MIT-TSIM .
Model, and advice concerning development of MIT-TSIM Branched Model.

g. Delaware Valley Regignal Planning Commission - regional and local
population and ecomnomic proj%ctions and inventory data.
i
h. Delaware Department Qf Natural Resources and Envirommental Control,

Division of Fish and Wildlifé - input to Fish and Wildlife work.

i. Pennsylvania Department of Envirommental Resources - State Water

Plan.

j. Pemnsylvania Fish Commission - input to Fish and Wildlife work.

k. New Jersey Department of Environmental Protection - State Water
‘ .

Plan; Division of Fish Game %nd Shellfisheries ~ input to Fish and Wildlife

Service work. |

1. New Castle County Planning Commisssion - water use, population data.
m. Chesapeake Bay Institute - salinity and tide data.

n. Water Resources Association of the Delaware River Basin - provided
|
assistance in surveys of industrial water use and distributed the Executive

Summary to water users.

|
In lieu of holding a final gublic meeting, an Information Bulletin was used

|
as a vehicle to coordinate the conclusions of the study with interested

agencies and parties. A coﬁy of this bulletin is included in this appendix.




During the final coordination efforts with U.S. Departmen; of Interior, Fish
and Wil&life Service, this offiﬁe received comments on the draft final
report in a letter dated 19 August 1982, (included in this appendix). These
comments were considered in the preparation of the final report. However,

several of the comments are clarified in the following paragraphs.

Concerning the "quantity of flow'" (goal b), it is the opinion of the Service
that ﬁhe value of the study is wminimized by deferepce to concurrent work
done by DRBC. The approach used in this étudy, as documented in the
Reconnaissance Report dated December 1978, intended incorporation of ong§ing
DRBC efforts, particularly the Level B Study which résponded to the quantity
of flow goal. This approaéh was adopted in an attempt to avoid duplication
of effort. The Service was involved with tﬁe Plan of Study (during which
the decision for this approach was reached), the ensuing Stage 2 activities,
(during which time the approach and tasks outlined in the Plan of Sfudy were
carried out) and the Level B Study (during which the activities concerning

quantity of flow were carried out).

During the Level B Study, opportunity to provide inputs to the quantity-of-
~ flow objective was afforded to all agencies, and these inputs have been con-
sidered4by DRBC in addressing this objective. It is the Qiew of the Corps
of Engineers that it would be duplicative to repeat DRBC's efforts, and,
furthermore, such duplication would not improve the outcome. It is |
empﬁasized that the reéults of the Levele Study have been accepted by the
Commi ssion (which includes the Governors of the affected States and thg

Secretary of the Interior), and by the Water Resources Council.



The Service is also concernedéthat the Corps.is unwilling to fecommend
measures to minimize adverse %mpacts, particularly regarding spring flow
requirements as affected by s&orage runoff in existing or propoéed
reservoirs. In the Service's?view, these requirements are nécessary to
protect estuarine fauna from @anipulation of freshwater flows and to
maintain estuarine productivi%y. While the resolution of thése concerns is
beyond the scope of this stud&, these issues were considered by the DRBC
Level B Study and the overlap?ing negotiations among the parties to the 1954
Supreme Court decree that alﬁocates the waters of the Delaware River among
the Basin States. Further consideration can be given as part of the
site—specific project studie% and public hearings that will be required
under the Delaware River Bas%n,Compact before construction of any new
impoundment. Thé Corps is willing to participate in these continuing
efforts. However, the Corps{recognizes that multipurpose reservoir

operation is an extremely complex issue involving many factors, not just

estuarine ecology.

It is emphasized that normal;reservoir operation‘prefer filling available
1ong—term storage capacity p%ior to spring and in most years the reservoir
would be filled before April. It is the opinion of this office that the
establishment of a set of d%fined individual operating criteria for each
reservoir is the best vehicl% for maximization of project benefits and

minimization of adverse effects.

Extensive coordination was ﬁaintained with the Delaware River Basin
Commission throughout the conduct of the Study. DRBC provided review and
technical assistance in the;development of data and analysis. Pertinent

correspondence is included in this appendix.
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Honorable Robert‘E; Jones; Chairman vaer

Committee on Public Works and Transportation
2165 Rayburn Office Building

Washington, D.C. 20515

Dear Mr. Chairman:

L

,-
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2109 FRABDUUN Hleasr.. o vy Fhaete oo

Wasrmnaton, D.C. 206%15

. WILLIAM T, D7
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DISTRICT OFFICLG:
. ORvutwems Prace
. .Tnzn‘rou NEW JowsEY 0BS1T
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OLp DriDok, NEw JURSRY 0&357,

- The Delaware River Basin Commf%sion has proposed a study of salinity
intrusion in the Delaware River estuary to resolve certain questions left
unresolved by the 1975 study by URS/Madigan-Praeger of the Tock:s Island
Lake project. The DRBC member representing the State of New Jersey has
assigned the highest priority to this study, and the Basin States have

committed some of the funds needed for the study.
'$100,000 is needed to carry out the study as proposed,

An additional amount of
including funds for

hydraulic modeling of sea-water intrusion to be carried out by the Corps
. . of Engineers using the existing physical model of the estuary located at

-~ the Waterways Experiment Station (WES) at Vicksburg, Mississippi. The Corps

has estimated that the proposed WES modeling would cost from $60,000 to

$70,000.

It has been-suggested that Congress make a specific authorization of
"$100,000 to the Corps of Engineers for the purpose of carrying out the WES-
modeling studies, with a pass-through of the excess over that needed by the
Corps to the Delaware River Basin Commission for use in supplementing the
State funds as needed to complete other phases of the salinity-intrusion
study. These other phases include mathematical modeling and analysis of -
the impacts of various potential levels of salinity on municipal and

industrial water users along the estuary.

Assuming the timely availability

~of funds, it is anticipated that the salinity-intrusion studles can be
complctcd within fiscal year 1977

Gur purpose in addressing you is to express our interest in this

proposed study which is of such vital interest to the States of New Jersdcy,
Delaware, and Pennsylvania, and to request your support to an authorization
of $100,000 for the purposes outlined above. It occurs to us that such an .
authorization might be conveniently coupled with the proposed Corps' study
of a "no dam" flood protection program for the Delaware River, as discussed
in the letter of November 14, 1975, addressed to you from several Members
oi Congress. In any event, both of these studies are needed to evaluatc
various proposed alternatives to the Tocks Island Lake project.

45



~2- | | July 27, 1976

}Hou. Robuert E. Jonco

We are, : ; .

' Most respectfully, A

I
: P s L ) ‘.1\0'\4 le
' Rep. Frank Thompson Jr.

AL 7Y

Ldwin B. Forsythe " Rep. Willlﬁ Green

[ Thoed

¥ e.p—:_/?-gmes J. Florio
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Rep Joahua Eil

cc: Mr. James F. Wright _145;39 3L 9%’ CZdizz o
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Rep. Robert N.C. N;:{c Rep. Edward G. Bidarer,—dc.

Lt. Gen. William Gribble Rep.' Robert W. Edgar_t/




COMMITTER OM PUBLIC WORKS AND TRANSI‘ORTATIO'N
U.5. HOUSE OF REPRESENTATIVES
WASHINGTON, D.C.

RESOLUTION

Resolved by the Coramittee on Public Works and Transportation of the House of Representa-
ﬁﬂs,Unﬁndsuﬁe&, that the Board of Enginéers for Rivers énd Harbors
is hereby requested to review the report on the Delaware River
Basin, New York,'New Jersey, Pennsylvania, and Delaware, published
in House Document 522, 87th Congress, 2nd Session, and othe
pertinent reports, with a particular view to determining the
probability for advance or Eetreat of salinity if the Delaware
Estuary znd the quantity of fresh-water inflow needed to protect

the various water users along the Estuary.

Adopted: September 23, 1976

ATTEST: m//‘ /£ . ydf”"'w/ |

Chairman
V.3, COVERNMINT PRINTIRG OPSI2E S1-—4B1-b

Requested by: Hon. Frank Thompson, Jr., Hon. Edwin B. Forsyche,

Hon. William Green, Hon. Jamcs J. Florio, Mon. Joshuea

Eilberg, Hon. Rebert Nix, Hon. Edward G. Bicster, [tr.
Hon. Robert W. Edgar
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DELAWARE RIVER BASIN COMMISSION . | |
. P, D.DOX 7360
WEST TRENTON, NEW JERSLY DDE28

-

g(sas) B83-9500

'

v -  HEADDUARTERS LDCATION
JAMES F. WRIGHT , ’ ] 25 STATE POUICE DRIVE
EXECUTIVE DIRECTOR : ‘October 12, 1976 WEST TRENTON, N. J.

Dear General Kelly:

As you know, the study of the Tocks Island Loke
projcct directed by the Congress in August 1974 and completed in July 1975 left un~

resolved the question of the need ffor fresh-water flow into the Delaware estuary for
control of sca-water intrusion. Conducted by URS/Madigan-Praeger, the salinity study
was found by the Delaware River Basin Commission staff to be invalid in cerfain respects
and incomplete in others. This staff view was generally concurred in by a panel of
estuarine experts called together by the DRBC to review the salinity intrusion aspects of |
the URS report. At a meeting in Newark New Jersey, on July 17, 1975, these inter-
nationally recognized experts recommended additional study of the sqlmfy-ﬂow

relationships, vsing both mathemq[ncal and hydraulic modeling techniques, as well as
observations of the prototype estucry itself,

i e

|As a result of the experis' recommendation, the DRBC

drrecfeo its staff to prepare a plan of study designed to resolve the unanswered questions -
relating to the salinity intrusion p}roblem, and also directed the staff to seek funds to |
support such a study. Accordingly, in September 1975 the staff prepared a- plan of study,
“a copy of which is enclosed. :

. . A e o1 ¢ i e A S

‘Since September 1975 we have contacted various agencies
and the Congress sceking financidl assistance for the proposed salinity siudy. As you know,

- in late January 1976 we conferred with you on the possibility of Corps of Engineers’ fund-
' ing of the salinity study under some existing authorization. It was gour opinion that a

specific authorizotion by Congress would be needed be{ore you could request an appro-
pnahon of funds for the salinity study.

s o

'Through the elforts of several Congressmen from the
Delaware Basin arca, the Committee on Public Works and Trensportation of the House of
Representatives adopted a resolution on September 23, 1976, requesting that the Beard of
. - Engineers for Rivcts and Harbors review the report on the Delaware River Basin (House
‘ Document 522, 87th Congress, 2nd Session) to determine the probobility of salinity in
1

the Delaware estuary and the quantity of fresii-water inflow needed to protect the various

} water users along the cstuary. It [' our understanding that this resolution constitutes the
’~ specific authorizalion that you had carlicr indicated would be needed before the Corps

could request funds for the salm:iy study. : . R . .
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During our discussion of this.matter in your office on
October 5, 1976, you expressed the view that although the Congressional resolution

of Scptember 23 meets the need for a specific authorization for the salinity study, a
Corps request for on appropriation for this purpose would depend upon priorities for
allocation of the limited total budget assigned to the North Atlantic Division. In setting
your priorities, it may be useful to know that our Commissioners, in establishing our
program for the near future, have assigned the highest priority to the resolution of the

~ salinity intrusion issue. They recognize that such resolution is necessary not only to

~determine the ultimate disposition of the Tocks Island Lake project (construction or
deauthorization), but also to detemine the construction timing and operation of all
proposed storage reservoirs in the Delaware River Basin, including the several major

. multipurpose impoundments authorized for construction by the Corps of Engineers.

S . Regarding the Tocks Island project and its relation to
the salinity study, Governor Byme of New Jersey has emphasized the importance of the -
salinity study with respect fo the deauthorization of this Corps project. In his letter of .
July 25, 1976, to"Senator Mike Gravel, Chairman of the Subcommittee on Water Resources
of the Senate Committee on Public Works, Governor Byme urged the Subcommittee to
defer action on deauthorization and noted that the DRBC has begun to evaluate the sug-
gestion that a reduced standard for minimum water flow in the Delaware River at Trenton
may not risk undue. intrusion of sea salts to downstream municipal and industrio! woter
supplies, Governor Shapp of Mennsylvanio, in his statement presented to the Subcommittee
on July 23, 1976, also opposed deauthorization, and stressed the need for maintenance
of river flows to help control salinity in the estuary. Governor Tribbitt of Delaware, in
a stafement presented fo the Subcommittee, also noted the salinity question and other
unresolved issues in arguing that deauthorization of the Tocks Island project now would

be premature. .

New Jersey has recently initiated a major study and
- preparation of a state water supply master plan, and this study will consider the viability
of proposed diversions of water from the Delaware River to meet the needs of northeastern
New Jersey. The results of the proposed salinity study will be a necessary input to the
evaluation of any such diversion.

' Current water quality planning efforts by the Delaware
Valléy Regional Planning Commission and other agencies under Public Law 92-500 and
other legislation are dependent to a significont degree on knowledge of the flow that
will be available in the Delaware River at Trenton for assimilation of treated wastes
discharged into the upper estuary. The dependable river flow that necessarily will be
used os a basis for design of wastewater treatment facilities will be determined by the
need for sustaincd minimum regulated {lows for conirol of sca-water intrusion. Rational
planning for pollution abatement in the estuary cannot procecd very far without determin=

~ation of the fresh-water flows that ere to be provided for salinity control. This fact

alonc supports a high priorily for the salinity study.
' 4-9
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- | cannot emphasize too strongly the importance of
the salinity-control issue in relation to all of the active long-term storage capacity
called for in the Comprchensive Plon, not just that portion of the total authorized
¢apacity that would be provided by the Tocks Island Project. The widely held but
invalid i-npression, created by the 1975 URS/Madigan-Praeger report, that low-flow
augmentation is not necded for sahmfy control, was a key factor in the success of the
Tocks Island project opponents in halting that project. If this impression prevails, it
will promote similar opposition to other Comprehensive Plan water-storage projects that

.are designed in part fo contribute fo salinity control. Until the incomplete URS salinity h

study is supplemented by an authoritative comprehensive study to resolve the issue, it
will be difficult to proceed wn‘ht construction of any of the authorized storage projects,
including those proposed by the Corps of Engineers.

Another factor in the queshon of Corps priorities is
the relationship between the sahmty intrusion study and the current comprehensive water
resources study of BJrImgton Camden, and Gloucester Counties of New Jersey by the
Philadelphia Disirict of. the Corps of Engineers under its Urban Studies Program. The .
water supply aspects of this m-counfy study are closely related to the recharge of aquifers
along the Delaware estuary by the tidal waters of the Delaware River and its sea-level
tributaries. No firm conclusions regarding water supply for this region can be made in
the absence of more precise information than is now available on the salinity-flow

: relahonshxp. The scnhmfy study’ls designed to provide such mformatlon.

1 Regarding financing of the pr0posc.d salmlfy study, you
should be aware that we have received commitments from the Basin States to provide
$60,000 directly to the DRBC fo[r support of the study. In addition, New York State has
requested transfer of " Section 2 M‘" funds from several Comps of Engineers districts to the
Philadelphia District for use in conductmg salinity modeling tests planned as part of the
study, to be carried out with fne hydraulic model of the Delaware estuary at ihe Corps'

Wcrerwczyf Experiment Station at Vicksburg, Mississippi.

. We have also asked the Envxronmenfal Protection
Agency to consider the possibility of EPA funding of part of the proposed salinity study.
Although vre have received no written response, informal discussions with EPA officials
have irdicated that although they recegnize the need for, and importance of, the
salinity siudy, that agency has no funds available to allocate to that purpose.

: .~ We have also contacted the U.S. Water Resources
Councul for pOSSlblf‘ {unding of the salinity study by a grant under that agency's special
studies program, To date, we have received no response except a WRC request for
additional information concerning the proposed study, which we have supplicd. In the
meantime, because of the current Corps authorization, | have advised the Water Resources
Council that the request is to be held in abeyance at this time,
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In requesting a review of House Document 522, the
House Committce on Public Works has recognized the important significance of the

. salinity issue as it relates to the federally authorized projects for multipurpose develop-

ment of the watcr-resources of the Deloware River Basin, | believe the salinity issue
merits a very high priority with respect fo implementation of authorized storage impound-
ments in the Basin, particularly the multipurpose reservoirs proposed for construction by
the Corps of Engincers. .

This Commission w:l! be glad to cooperate with the
Corps in this matter. It is our suggestion that funds be oppropriated to the Corps adequate
for the entire salinity study, with the Corps funding the hydraulic modeling work at the
Waterways [xperiment Station in Vicksburg, and with a pass-through to the Commission
of the remaining funds appropriated, to be used by the Commission in carrying out the

-mathematical modeling and other aspects of the study as outlined in the Plan of Study.

The Waterways Experiment Station has recently informed.
us that the basic cost for preparing the hydraulic model and operating it for calibration,
verification, and three test runs will be $66,000, including a 10 percent contingency
item., The three test runs would include simulation of the 1965 hydrographic data with
(1) net flow easiward through the enlarged Chesapeake and Delaware Canal; (2) net flow
westward through the C & D Canal; and (3) one additiona! set of data consistent with
projected streamflow modifications resulting from post-1965 storage impoundments, in-
creased consumptive use and diversions of water, and releases from storage, The three
runs for which the WES estimate is now $66,000 are fewer than we had earlier had in mind

“when we discussed the study with WES and received an estimate of $60,000. The estimated

cost has changed but little, but the scope of work has been significanily reduced within
the estimate. However, it appears that the $260,000 reported to Congress by the Corps
will be adequate to cover the cost of additional model runs deemed necessary fo answer
all pertinent questions, with enough remaining for the other parts of the study to be _ :
carried out by the DRBC

Our staff members who will be porficularly concerned

with the sohm.y stuc.y are Mr, Herbert A, Howlett end Dr. C.H.J. Hull. We will welcome

the opportunity for further consultation after you have reviewed this matter. [ would hope
that we might complete our joint planning and make adequete funding arrangements for the
salinity study this {all so that we may be ready to initiate the study carly in cclcndcr year

1977.

~ Sincerely, .

ﬁ//z; W74

- . Lirromct . . m——
ames F, Wright

Brigadier General James L. Kelly, Division Engineer
U.S. Army Corps of Engineers = North Atlantic Division . ;
90 Church Strect _ ’
MNuew York, New York 10007 y 11

- . BT Y e o e
e et mremw ot . . - . N



Delaware River Basin Commission

’ ' Outlinc of Plan of Study
' of ..
Salinity Intrusion in the Delaware Estuary

A.  Need for study

B. Impact of solinity intrusion

1. Surface water users, }
a. Municipal wci:fer supply users (by location)
1) Domestic use
a) Water quality criteria

e 2) - Industrial (supplied by public systems)
| . a) Water quality criteria

- 3) Commercial (supplied by public systems)

' -a) Water quality criteria '

b. Self-supplie}d industries
1) Location of industries |
. 2) Wcier}quality criteria (for each industry)
a) Process water (chlorides, DS, etc.)
b) Cooling water '
2. Ground water users
a. Municipal water supply users
' "1) Domestic
2) Indusf;rial
3) Comm}ercial

b. Seff-suppl’iz:':d industries
1) Location of industries (River mile) - .
2) Wcten:' quality criteria {chlorides, DS, etc.)
a)  Process water ' -
b)l Cooling water
c)f Drinking water

~ 3. sHealth ond medical uspccté of increased salinity

4. Economic effects of increused salinity
)' .
5. Ecological cffccts

¢
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C_ R.e'view of earlicr studics N

. 1. Terrenzio (1953)

2. Woterways Experiment Station (1952, etc.) .

.3. Pritchard, D. W. (19591

4. Sheppard T. Powell and Legeﬁe and Brashears. (1 954)

5.  Keighton (1965, etc.) - .
6. Poolson,R.W. (1965) (1570) o
7. Thotcher and Harlemcn. ¢ '972)

v8.. United Engineers 'and Constructors ('l 974)
"9. Strandberg (1975) . . o

10. Madigan-Praeger, Inc. (1975) B . ~
11. Newark Salinity Seminar (1975) N o

B Others - -
D. Water quality data _ ) . et _"._ |

] Types of data avculcxb!e by Iocahon) I o T o .'-.. )
a. Total dissolved solids -~ . .- < 7 T I __. T .
b.- Specific conductance R .“ L e

P Y

¢. Major sea-water ions ot
1) Chlorides S
2) Sodium s -
_ 3) Sulphates e .
4) Mognesium - ' I .
- 5) Calcium
6) Potassium
d. Relation between conductonce ‘and major ions.
e. Other significant contaminants (e.g., silica)

K

o 'f§
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£ Hydrologic data

l: Observed flows at vbritous. locations
2. Natural runoff (USGS studies for DRBC)

3. Synthetic flows at Trenton (Madigan-Praeger)

4. Synthetic flows for tribufaries (22?)
F.  Land-based sources of dissolvefi salts
1. Delaware River_.ot Trelnton (flow and quality)

2. Tributaries (Locate b)) river mile and characterize by hydrologic;:l and
_‘wuter-qwlit_y data) - )

3. Point sources (location, volume,and quality)
a. Municipal wasf{ewcfer outfalls
b. Municipal stormwater outfalls

c. Industrial wastéwofer outfalls’ 4 — -

4.. Non-point sources
a. Road salts
1) Pennsylvania (below Morrisville)
2) New Jersey (below Trenton)
3) Delaware

b. Other non-poi‘nt sources : ) ) o 7

G. Relationship betweén fresh-w:cier inflow and sea-water intrusion
| :
1. Proposed studies _ ‘
a. Profotype study--analysis of relationship between observed flows and
salinity distribution L
1) Drought of 1960's |
2) Other y:ecu's
3) Typical chloride profiles
b. Deterministic model study (Thatcher model) _
1) Calibration ond verification (Using data from drought period)
d 2) Determination of future salinity distribution |

a) For typical droughts of past adjusted for flow regulation
(releases from storage and depletive use)

b) Probability of excecding various salinity levels at given
locations throughout cstuary (derived by combining synthetic
fresh~water inflows for all tributarics with Thatcher

. deferministic model)
§-14
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¢. Hydraulic modcl study (Waterways Expcriment Station, Vicksburg, Miss.)
’ 1) Calibiation and verification (using data from drought of 1‘1605)
2) Determination of future salinity distribution
a) For typical dry years of record; adjusted for existing and
proposed flow regulation (storage, releases, diversions,
- and consumptive use)

H. Bencfits from salinity control

1. Estimated monetary value of salinity reductions for various degrees of
‘flow regulation :

a. .Municipal water supplies
1) Surface supplies
2) Ground-water supplies

b. Industrial water supplies
1) Surface supplies
2) Ground-water supplies

c. Fisheries (including shelifish)

- Narrative summary

ll‘ is proposed to conduct or sponsor a co'nprehenswe study of salinity intrusion in

-the Delaware estuary to determine the fresh-water inflow needed to protect the various water

users along the estuary from Trenton to the oyster beds near the head of Deiaware Bay.
The year-round distribution of salinity in the estuary for various levels of depletive water
use and streamflow regulation in the Delaware River Bosin will be determined using synthetic

" hydrology coupled with a deterministic mathematical model. Synthetic fresh-water inflows

for the Delaware River af Trenton and for various other significant tributaries will be developed
for use in the analysxs of the probability of exceeding various salinity (ar chlorinity) con-

_ centrations at given locations at different seasons of the year. The synthetic fresh-water

flows will be adjusted as appropriate to take into account the existing and projected levels of
flovs regulation by impoundments ond by depletive use (in-basin consumptive use and out-of-
basin diversions). , . . ) .-
» At attempt will be made to show the effects of non-sea salts as well as sea salts on the
total solinity and chlorinity in the upper estuary. This will be done by using model inputs
of salts to represent the waste discharges of major industries and municipalities.

The study avould include a survey of all existing municipal and industrial water users
along the estuary from Treaton to the Bay to detcemine their qualnty needs with respect to
salinily (total dissolved solids), chlorinity, ond other sea-woter ions. An attempt will be made

Ba15 -



‘Duraiion of study

Cost ¢f siudy -

5.

|

to assign costs fo those water vsers as a function of sea-water intrusion {or as a function of
the frcquency and duration of salinity% concentrations). - . )
. * I

Damages oltiibutable to dccrcfased flows (caused by storage or depletive use) will
be asscezed. Penetiti (reduction in domages) that would be expected for various levels of
low~flow auygmentation will alse be es}timcfcd. To the extent possible, damages of salinity
intrusion and benefits of salinity control will be estimated as average annual values.

| h .

The effect of the enlargement of the Chesapeake and Delaware Canal on salinity
distiibution in the Delaware estuary will be evaluated,. both for (1) normal runoff conditions
in the Susquehanna-Chesapeake Bay drainage area when salinity in the upper Chesapeake
Bay is lisw; ond (2) for drought conditions in the Susquehanna-Chesapeake Bay drainage area
when sclinity in the upper Chesapeake Bay is relatively high. .

, It is anticipated that fhe synthetic flows for the Delaware River ot Trenton developed
by Madican-Praeger (1975) for the review of the Tocks Island Lake project will be available

- and useful for the proposed new study of salinity intrusion. Synthetic flows for tributaries

seaward of Trenton will have to be generated. 1t is expected that-minor tributaries can be
grouped for various reaches of the estuary to simplify modeling the system without significant
loss of accuracy. o '

A comprehensive bibliography \Pn solinity intrusion will be prepared. This bibliogrophy
will inciude all known studies of salinity in the Delaware estuary, as well as more general
references. A preliminary bibliogrophy\ is attached to this Plan of Study (appendix A).

\ .

' The cost of the proposed study fs estimated to be $181,800. This estimate
is baszd on an assumption that the study will be carried out primarity by the DRBC staff,
assisicd as cppropricie by consultants. . it e

It §s estimated that the study will require 14.5 mar-months of sicff time. With
two stali risnibers assigned full time to the study, it could be completed in about seven
montic. Faits of the overall study could be selected for priority treatment, and thus these
parts cauld be completed in advance of the full study and réport. However, the assembling
of the Lasic deta would be a necessary [prerequisite of the study. For example, the data
on flovs, painl sourees, end nonpoint si.ourccs are needed as input data to study the relationship
betweon How and solinily for all three proposed methods of analysis (prototype, mathematical
detemninistic model, and hydiaulic model). ’

Exdra-cicif arsistonce

- -

‘ 1! 1s enticipated that outside assistance from consultants, agencies, and water users will
be neceso o to ussendle the necessary dala, supervise and review the study, and ta carry out

pasis of the ttdy. For example, data on waler-quality criteria for various waler users can be

B-16. . . -




- " “applicd best and most reliably only by these water users.  Also, consultants will be useful,
if not essential, in sctting Up and running the Thatcher deterministic model (if that model is
' . uscd). The assistance of the Coips of Ingincers will be necessory if the Vicksburg hydraulic
model is'used. Consultauts will ulso be needed to review and interpret the results of the
various studies of the relationship between flow inputs and salinity. distribution, as well as
‘to sct up and run computer programs for the generation of synthetic flows (for the tributaries

seaward of Trenton),

Advisory committees.~=lt will probably be useful to establish one or
more advisory committess to guide, assist, and review the study. Such an advisory committee
could include representatives of water users (mumcnpcl and industrial=-including fisheries)

affected by salinity intrusion.
. ®
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Appendix B

Estimated éosts of Salinity Intrusion Study

Time
Deses ophon ‘ | man=-months

. N_ccd for study - '
(Introduction) - 0.25 .

Impacts . 1.0 -
Surface users '
Ground water
Health and medical
Economic
Ecological

RN =

.Review of earlier studies - 1.0 ‘:_
Water-quality data 1.0 .

Hydrologic data | 1.0
Observed flows.
" Natural runoff .
Synthetic flows, Trenton o -
Synthetic flows, Tribs. '

HBWN -

Land-based sources of : .
dissolved salts I 4.0 ..
" Delaware River at Trenl’ow -
Tributaries ) v
Point sources
_ Non-—pomt sources‘

Relahonsh:p between flow :
and salinity =~ | 3.0
Prototype studies
Deterministic model studies
Hydraulic model SfUdICS

LN =~

. Benefuts from sohmty ‘control (-
LN Municipal
Industrial
Fisheries

[stimated cost assumes average DRBC staff direct-salury cost of $15.00 per hour, and does
not include oveihe cd fringe bcm_fm ctc. Fstimales are based on 22 working days per month.

DRBC

staff*

600

2,600

-2,600
© 2,600

2,600

7,900

Cost . .

Consultant

-a T

8 srem e sy St momanasg . mo® =
y =y . - -

$35,000




A 2.
' '?.v 5o : .-5-
‘ N Vo ‘ Cost
Time DRBC Consultant
-Part Description man-months staff* ‘
| Preporation of report '3.0 . §7,900 $ 2,000
Draft report .
Review of draft
Final report -
Reproduction of report - 0.3 800 -
_Draft (50 copies)
Final (100 copies)
Sub fotals 14.55 $38,100. - $37,000
: _ DRBC overhead (15% of salaries) 5,700 -
L ‘ ' Total staff salaries and consultants' fees 43,800 37,000
i . -.Add_iﬁonal DRBC Costs
. ltem Amount
| Meetings of Advisory Committee (s) 0 i
Travel, staff 2,000
. Travel expenses, consultants 3,000
Computer runs : _30; 000.
. ) ' : Subtotal $:35,000
,- - Total DRBC costs $115,800
USGS L
Natural flow studies $ .5,000 _
L . ‘Water quality dota (computer'printoufs) _ . 1,000
b o B Subtotal $ 6,000
' Corps of [ngineers |
.’ Vickburg model and studies N . 60,000 -
' ) Subfolq! $ 60,000
-~ $181,800

Grond total

4=19:
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DEPARTMENT OF THE ARMY
PH|LADELPH;IA DISTRICT. CORPS OF ENGINEERS
CUSTOM HOUSE—2 D & CHESTNUT STREETS
PHILAD:ELPHIA. PENNSYLVANIA 19106

IN REPLY REFER TO

PEN-R

3 0 DEC 1977 .

Dear Sir:

I am pleased to inform you‘that we have initiated the Delaware Estuary
Salinity Intrusion Study. This Congressionally authorized study is to
analyze the movement of sa;lnlty concentrations in the estuary and iden-
tify the amount of fresh-water flow in the Delaware River needed to pro-
tect water users of the estuary This study was authorized by the House
Comnittee on Public Works Pnd Transportation on 23 September 1976. Ef-
forts in the following year will concentrate on establishing a systematic
program for conducting the\study.

We expect that our study W1ll include investigations of the following:
guality needs of water users; increased costs or inherent damages if
water of higher salinity mist be used; relationship between stream regu-
lation in the upper basin and advance or retreat of salinity concentra-
tions in the esutary; quantity of upstream storage necessary for low-flow
augmentation; and the impéct on estuarine fish and wildlife of changes

in salinity. The study wﬂll assess the problems and identify alternatives
to diminish the detrimental effects of varying salinity. '

We welcome any contribution you can make to this study. We would like
your views regarding the sgignificance of the salinity problem, the possi-
ble envirommental, social lor economic impacts and any other areas you
feel are pertinent. We lédk forward to your assistance.

Any questions or corresnondence in regard to the study may be directed
to Mr. John F. Murphy, Chlef Planning Branch, by mail at the above
address, or by phone at (Area Code 215) 597- h837. As the study pro-
gresses, we will inform you of major developments.

incerely yours,

JOEiﬁfQEii§%%%§222é421~“

b,. Lieutenant Colonel, Corps of Engineers
Acting District Englneer

§-20
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DELAWARE ESTUARY SALINITY INTRUSION STUDY
List of Notified Parties

Federal Representatives
Delaware

Honorable Joseph R. Biden, Jr.
United States Senate
Washington, D.C. 20510

Honorable Thomas B. Evans, Jr.
House of Representatives
Washington, D.C. 20515

New Jersey

Honorable Clifford P. Case
United States Senate
Washington, D.C. 20510

Honorable James J. Florio
House of Representatives
Washington, D.C. 20515

Honorable Frank Thompson, Jr.
House of Representatives
Washington, D.C. 20%15

Pernsylvania

Honorable Richard S. Schweiker
United States Senate
Washington, D.C. 20510

Honorable Michael O. Myers
House of Representatives
Washington, D.C. 20515

Honorable Raymond F. Lederer
House of Representatives
Washington, D.C. 20515

Honorable Robert W. Idgar
House of Representatives

Washington, D.C. 20515

Federal Agencies

Director, Northeast Region
Regional Technical Service Center
Soil Conservation Service

U.S. Department of Agriculture
1974 Sproul Road
Brocomall, PA 19008

Honorable William V. Roth, Jr.
United States Senate
Washington, D.C. 20510

Honorable Harrison A. Williams, Jr.
United States Senate '
Washington, D.C. 20510

Honorable William J. Hughes
House of Representatives
Washington, D.C. 20515

Honorable Edwin B. Forsythe
House of Representatives
Washington, D.C. 20515

Honorable Henry J. Hainz, III
United States Senate '
Washington, D.C. 20510

Honorable Robert N. Nix
House of Representatives

‘Washington, D.C. 20515

Honorable Joshua Filberg
House of Representatives
Washington, D.C. 20515

- Honorable Peter H. Kostmayer

House of Representatives
Washington, D.C. 20515

Water Resources Coordinator
Office of the Secretary, OPDC
Department of Commerce
Washington, D.C. 20230




Regional Representatlve of

the Secretary of Commerce,‘Reglon 1T

Federal Building, Room 1311’
26 Federal Plaza
New York, NY 10007 i

Director ‘
National Marine Fisheries. Serv1ce
National Oceanic and Atmospherlc
Administration

Washington, D.C. 20235

The Director

National Ocean Survey ,

National Oceanic & Atmospherilc
Administration ‘

U.S. Department of Commerce

Rockville, MD 20852

Regional Director, Region 5
" U.S. Fish & Wildlife Service
Department of the Interlor\
One Gateway Center, Suite 700
Newton Corner, Mass 02158 |

District Chief, WRD, USGS |
420 Federal Building

P. O. Box 1238

Trenton, NJ 08607

Regional Hydrologlst

Geological Survey

National Center - Mail Stop 433
12291 Sunrise Valley Drive:
Reston, Virginia 22092

The Administrator

U.S. Environmental Protection Agency
Waterside Mall |

4th & M Streets, S.W.

Washington, D.C. 20460

Regional Administrator
Region III, EPA

fth & Walnut Streets
Phila., PA 19106

4.22

Regional Representative of

the Secretary of Cormerce, Reglon 11T
William J. Green Federal Bulldlng

600 Arch Street, Room 10424
Philadelphia, PA 1910€

Regional Director, Northeast Region
National Marine Fisheries Service
U.S. Department of Commerce
Federal Building, 14 Elm Street
Gloucester, Mass. 01930

Interagency Coordinator

Office of Coastal Zone Management
Department of Commerce, NOAA
3300 Whitehaven Street, N.W.

Page Building #2, Room 327
Washington, D.C. 20235

District Chief, WRD
UsGS
208 Carroll Bldg.,

8600 lLaSalle Rd.
Towson, MD 21204 ’ :

District Chief, WERD
USGS

P. 0. Box 1107
Harrisburg, PA 17108

Cammander
3rd District

Commandant

U.S. Coast Guard
400 Tth Street, SW
Washington, D.C. 20590 NY, NY 10004

Regional Administrator
Region II EPA

26 Federal Plaza, Room 1009
New York, NY 10007

Chairman

Council on Environmental Quality
722 Jackson Place, N.W.
Washington, D.C. 20006

Governors Island




Regional Agencies

Mr. Gerald M. Hensler, Executive Director

Delaware River Basin Commission
P. 0. Box 7360
West Trenton, NI

Director WIILMAPCO
Metropolitan Clearinghouse
2062 New Castle County
New Castle, DE 19720

State Agencieé

Dr. Maurice K. Goddard, Secretary
Dept. of Envirormental Resources
P. 0. Box 1467

' Harrisburg, PA 17120

Mr. Rocco D. Ricci, Commissioner
Dept. of Envirormental Protection
P. O. Box 1889

Harrisburg, PA 17120

Clearinghouses

State Clearinghouse - Delaware
Delaware State Planning Office
530 E. DuPont Highway

Dover, DE 19901

State Clearinghouse - Pennsylvania
Pernsylvania State Plamning Board
503 Finance Bullding

State Capitol

Harrisburg, PA

County Agencies

Director

Bucks County Planning Commis51on
Administration Bullding, 6th Floor
Doylestown, PA 18901

Chairman

Burlington County Planning Board
Burlington County Office Building
49 Rancocas Road

Mount Holly, NJ 08060

Executive Director
DVRPC

3rd Floor Pern Towers
1819 J.F. Kennedy Blvd.
Phila., PA

Mr. Austin P. Olney, Secretary

Dept. of Natural Resources & Environ-
mental Control

Edward Tatnall Building

Dover, DE 19901

Dr. Theodore L. Hullar, Commissioner
Dept. of Envirormental Conservation
50 Wolf Road

Albany, NY 12233

State Clearinghouse — New Jersey
Divislon of State & Regional Planning
Department of Community Affairs

P. 0. Box 2768

Trenton, N.J.

Executive Director :
Delaware County Planning Commission
Fronefield Building :

214 North Avenue

Media, PA 19063

Chairman

Camden County Planning Board
Court House Annex
Permsauken, NJ 08110




Chairman Chairman

Gloucester County Plarming Board Salem County Plamning Board
Courthouse Court House

Woodbury, NJ 08096 ‘ Salem, NJ 08079

Director Director of Planning

Kent County Planning Comn:L.)SJ.on New Castle County

16 the Green Engineering Bullding
Dover, DE 19901 f P. O. Box 165

Wilmington, DE 19899

Municipal Agencies

Chairman Executive Director

Camden Planning Board ‘ : Philadelphia Plarning Commission
Municipal Building ‘ City Hall Annex 13th Floor

6th & Market Streets Philadelphia, PA 19102

Camden, NJ 08101

Civic Associations

Gretchen Leahy Mr. Langdon Warner
Pollution Control Group, Lower Bucks Co. Envirommental Defense Fund
728 N. Pernsylvania Ave. 1525 18th St. NW
Morrisville, PA 19067 : Washington, D.C. 20036
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DELAWARE RIVER BASIN COMMISSION
P. 0.B0X 7360
WEST TRENTON, NEW JERSEY 0B628

{(s09) 883-8500

HEADOQUARTERS LOCATION
25 STATE POLICE DRIVE

GERALD M. HANSLER , _ i o
EXECUTIVE DIRECTOR January 27, 1978 WEST TRENTON, N. J.

Dear Colonel Dutchyshyn:
Re: Salinity Intrusion Studies

In accordance with our agreement on January 17,
1978, members of our staffs have met and discussed (1) the purpose and objective
of various elements of salinity intrusion studies; (2) the status of work completed
or under way by the DRBC; (3) the elements that should receive priority attention
with the available funds; and (4) a desirable timetable for completion of all elements.

The Commission's objectives in endorsing this series
- of salinity studies were : to establish, through the most modern techniques available,
(1) the relationship between quantities and duration of freshwater flows and the
location and concentration of sea salts; and (2) the benefits which would accrue from
: . controlling salinity intrusion or, conversely, the cost entailed in allowing sea salts
. to overrun existing installations, potential industrial sites, and groundwater recharge
areas. With such facts in hand, the Commission will be able to evaluate the pros and
cons of alternative water management programs, and adopt the best policy for meet-
- ing the overall needs of the Basin community.

The Commission has embarked upon and is nearing
completion of mathematical modeling studies which will make it possible to readily
answer flow=salinity questions. Based upon the anticipated success of this effort, we

now believe that it will not be necessary to expend public funds for this phase of the
work at the WES in Vicksburg, Mississippi. However, there is still some uncertainty
concerning the effects of the recent enlargement of the Chesapeake and Delaware
Canal on salinity levels in the Delaware estuary, and our currently funded study may
‘not be able to resolve this question completely. This is a matter which mcy need your
attention next fiscal year. :

We anticipate that the daily flows being generated by
the Corps for the Stde of Pennsylvania under "Section 22" will be useful, in conjunction
"with the mathematical mode! of salinity intrusion, in determining the recurrence interval
of various salinity levels ot critical locations along the estuary.

In the summer of 1976, the Commission staff, in co-
. operation with the WRA/DRB, initiated and completed a letter—questionnaire survey of
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the damage along the estuary resulting from historic intrusions of sea salts. While
this effort provided some insight into the severity of the problem, it did not answer
the benefit-cost questions. | view the economic evaluatidn of salinity intrusion and

control as the highest priority %work among those elements remaining to be done.

' . Our Level B Study is scheduled for completion by
April 30, 1979. The amount oF freshwater inflow to the estuary will be one of the
fundamental planning considerations around which water management programs must
turn. Therefore, every effort) must be made to direct available funds toward answering
this question. We will have developed answers fo the flow-salinity questions, but we
desperately need defensible answers to the economic questions. The funds appropriated
to you appear to be the only‘o’nes now available that could be devoted in a crash effort

that would bring timely answers.

- | have reviewed the file on our efforts which resulted
in funds being earmarked for your office to undertake a special salinity study. The
letter dated July 27, 1976 to Congressman Robert E. Jones, Chairman of the Committee
on Public Works and Transportation, initiated by Congressman Frank Thompson, Jr., and
also signed by seven other Lower Basin Congressmen, states the importance and urgency
of the task at hand, and suggesfs "a pass through /Ef funds7. . .to the Delaware River Basin
Commission for use in supplem’enhng the State funds as needed to complete other phases .
of the salinity infrusion study’ " These other phases include "...analysis of the impact

of various potential levels of Lallmty on municipal and industrial water users along the

estuary." The Congressmen noted that "assuming the timely availability of funds,...
the salinity intrusion studies can be completed within fiscal year 1977."

|

' As the DRBC was instrumental in obtaining Congressional
_ endorsement of the $50,000 oppropnohon for the salinity study, | am confident that
their use of H.D. 522, 87th, \22nd as the basic authorization did not foresee as broad-
scope an effort as your staff seems to be contemplating. Indeed, with the numerous other
studies currently under way biy your office, other Federal and state offices and our own,
| believe we should concentrate on those voids that need fo be filled. The economic

appraisal of salinity advance jand retreat is just such a void.

1 strongly recommend that the major portion of the current
- year 's appropriation be dlrectecl to this matter so that a product will be available for use
in the final report of the Level B Study. :

j Sinc'erely,

atvd

Gerald M. Hansler

Colonel Harry V. Dutchyshyn
Corps of Engineers

2nd ond Chestnut Streets
Philadelphia, Pennsylvania 19106
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2.

Sea Salt Study .

Estimated Cost

Fiscal Year 1978

DRBC . Corps

Mathematical |

Modeling 5150,000 $10,000

C & D Cenal - 8,000

PArobabilii'y studies - -

Economic analysis - 30,000 |

Hydraulic model - -

Reports - 10,000
Totals $158,000  $50,000
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Fiscal Year 1979

DRBC

$23,000

8,000

8,000

439,000

Corps -

$ 50,000
40,000
20,000
90,000

28,000

$228,000




PLAN OF STUDY--FISCAL YEARS 1978-1979
SALINITY INTRUSION IN THE DELAWARE ESTUARY

| | i
1. Mothematical modeling -~ Complete June 30, 1978

~ The development of a mathematical model of salinity in the Delaware estuary
is neoring completion. The model being used is a refined version of the Thatcher-

Hatleman (1972) model originalfly developed at the Massachusetts Institute of Technology
(MIT). o

The mode! will be used to generate salinity distribution throughout the estuary
(here considered to include the| entire tidal Delaware River from Trenton to Liston Point,
as well as Delaware Bay from Liston Point to the Capes), for various scenarios of fresh-
water discharge into the estuary. Initially, the model will be calibrated and verified
using the observed fresh-water flows for the severe drought period from October 1, 1964,
through September 30, 1965 (water-year 1965). Then the flows will be adjusted to
simulate any combination of reservoir storage capacity added since 1965, or anticipated
to be odded in the future. Flow adjustments will be made also to reflect decreasing
"excess releases" from New York City's upper-Basin reservoirs, in accordance with the
Montague formula specified in ’fhe U. S. Supreme Court decree of 1954. The flows into
the estuary will be modified also to show the effect of increasing consumptive use of
water within the Delaware River Basin, and increasing diversions of water out of the basin.
Finally, to the extent that the ichange in the flows through the Chesapeake and Delaware
. Canal as a result of its recent enlargement can be determined, these altered flows will be
simulated in the model to show the effect, if any, on the distribution of salinity in the
Delaware estuary. ' :

In addition to water-year 1965, water years 1970 and 1975 will also be simulated
to show the extent and duration of salinity intrusion in a medium=flow and a high-flow
year, respectively. The results of the three base-period simulations should shed light
on the range of annual average salinity conditions in the Delaware estuary. Additional
simulations, reflecting the flow changes resulting from changes in storage capacity con~
* sumptive use, interbasin transfers, and enlargement of the C & D Conal, will provide a
basis for an approximating ecobomic,anolysis of the resulting changes in salinity.

2. Chesapake and Deloware Canal - Start August 1, 1978 -~ Complete February 28, 1979

Although several sfuciies of limited scope have been conducted to determine
the exchange of water between the Chesapeake Bay and the Delaware estuary through the
Chesapeake and Delaware (C & D) Canal, there remain considerable uncertainties re~
garding the quantity and quality of water flowing through the canal.. These uncertainties
need to be resolved before the' effects of the canal and its recent enlargement on the
salinity in the Delaware estuary can bz determined with confidence. Such determination
is a prerequisite to the defermination of the relationship between controlled flows in the
Delaware River at the mouth of the Schuylkill River and salinity distribution in the estuary.




=2~

. It is anticipated thot some field work will be required to determine accurately
the characteristics of the flow through the C & D Canal. Such field work probably
will require measurements of salinity at two or more locations along the length of the
canal, in addition to flow measurements and tide observations in the canal, durmg a
period of several weeks.

3. P'rbbqbilify studies - Start October 1, 1978 - Complete February 28, 1979

In order to refine the economic evaluation of projected or proposed flow changes,
it will be necessary to simulate q series of 12-month periods~-enough such periods to
construct a frequency curve showing the probabilities of various levels of annua! average
salinity levels at specific locations along the estuary. These frequency curves will be
developed for sets of two scenarios. The first scenario of each set will show the probabilities
for a base-flow condition, such as natural flows. The second scenario will show the
probabilities for a modified~flow condition, for example, to show the potential effect of
an increased diversion to northeastern New Jersey. The change in probability of salinity
intrusion must then be transformed into a change in cost of using water from the increased-
salinity reaches of the estuary.

4. Economic analyses - Start May 1, 1978 - Complefe December 31, 1978

‘Derivation of the costs of using the brackish waters of the estuary will require
the use of salinity-domage functions for typical water-users along the estuary. Such
damage functions are related to the cost of trecting water of various salinity levels, or
to the cost of switching to altemative supplies when the salinity of the water in the estuary

_at a given intake reaches intolerable levels for any purpose. Information needed for
development of these costs include the levels of various salts that can be tolerated for
given water uses. For example, the Scott Paper Company plant ot Chester, Pennsylvania,
can use the river water when the chloride concentration is as high as 75 mg/l, but for
higher concentrations, the plant must curtail norinal production or switch to the more
costly municipal water supply of the Chester Water Authority; which imports water from
the Susquehanna River Basin.

: Many industries do not have an alternative source of water to select when
salinity levels in the estuary reach intolerable levels. These industries, therefore, must
‘curtail operations or incur added expense for treating the high-salinity water token from
the estuary. For example, some industries demineralize the river water for use as boiler-
feed water. The cost of demineralization is approximately directly proportional to the
concentration of dissolved solids in the raw water. Many of these same industries, as
‘well as others, use water from the tidal river for cooling purposes. Much of the cooling
water is treated for control of fouling organisms or corrosion. The costs of these treatments
generally increase with salinity of the intake cooling water.

4-29 - i
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~ Salinity~cost functions must be developed not only for industries that are
self-supplied with estuary water, but also for industries, households, and other. water
users that obtain their water from municipal water systems that use the estuary as a
source of raw water. This cpp}laes not only to those municipal systems that currently
(in 1978) use estuary water, bui also those that can be expected to use this water in
the future. For example , the Csty of Chester expects~-within the foreseeable future--
to meet its growing demands for water by taking water from the Delaware River to
supplement its diversion from the Susquehanna River Basin.. The cost of this dual-source .
water system,when implemented, will be proportional to the frequency and duration
of intolerable levels of sahmtx in the Delaware estuary. -

The economic analysis of water supplies as related to salinity necessarily must
consider not only those systems that take water directly from the estuary via a pipe in

the tidal waterway, but also fhose systems that take the river water indirectly via aquifers

and wells that are recharged i in part by the tidal river. Therefore, it will be necessary
to identify all such ground-wuli'er users along both sides of the estuary from Trenton to
Delaware Bay, and to develop collechve or individual schmfy-cost functions for these
water users.

The salinity cost or damages functions will be used in conjunction with the
probability analyses of various salinity levels to develop average annual costs of using
or awiding the sait-laden wcfetrs of the Delaware estuary. These average annual costs
can, in tumn, be used by decision makers to judge the economic justification of such
~ measures as stream impoundments and flow regulation for sahmfy control transbasin
diversions, and increased constptlve use.

5. Hydraulic modeling - Stcrt‘ November 1, 1978 = Complete Februery 28, 1979

The Waterways Expenment Sfahon (WES) of the Corps of Engineers at Vicksburg,
Mississippi has constructed a hydraulic model of the Delaware estuary, and has used this
model to study various aspects|of the salinity=intrusion problem in the estuary. The
hydraulic model is fo be used to check key results of the mathematical modeling.

6. Reports - Start March 1, 1978 - Complete September 30, 1979

CHJH--DRBC--January 31, 1978

&4
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DELAWARE RIVER BASIN EDMMISSIDN
|

. 0.80OX 7380
WEST TRENTDN NEW JERSEY 0OB828 ‘ .

} [

(s09) B&3-9500

HEADQUARTERS LOCATION

‘ POLICE DRIV
GERALD M. HANSLER . 25 STATE DRIVE
EXECUTIVE DIRECTOR | August 27, 1980 WEST TRENTGN, N, J.

Dear Colonel Ton: ‘

\

; This is in response to your letter of
August 12, 1980, in which you requested confirmation of the under-
standing of the goals |and roles of the Corps of Engineers and the

Delaware River Basin Commission in the Delaware River Salinity Intrusion
Study. ‘
| The Delaware River Salinity Intrusion Study

has been an outstandiﬁg example of interagency cooperation from the

very beginning. The forthcoming policy decisions of the Delaware River
Basin Commission on sallnlty flow objectives will be based upon (1) tech-
nical analysis aided by use of the Thatcher-Harleman Transient Salinity
Intrusion model, (2) your first-cut economic impact studies, and (3) envi-
ronmental assessments]of alternative water management options conducted

on an element of the Water Resources Council sponsored Level B Study.
These policy decisions will be amended into the Commission's Comprehensive
Plan, and will also be reflected in agreements among the parties to the
1954 Supreme Court Decree in New Jersey vs. New York (347 U.S. 995 (1954).

| The Commission has been informed that your
analysis of the C&D Cénal has not been completed and that some uncertainty
regarding the quantity of fresh water required to control salinity will
remain until your effort is concluded in FY 1982. However, overriding
considerations dictatg commitments during this calendar year. The range.
of conclusions which may result from your study has been weighed, and we
believe that construction schedules for upstream storage projects to repel

salinity can be altered, if necessary, when the C&D technical f1nd1ngs are
in hand. |

1 appreciate the timely assistance you have
provided during the course of this cooperative venture, and assure you
of our continued support in the future.

Sincerely,

7/ 2t

Gerald M. Hansler

Colonel James G. Ton, District Engineer
U. S. Corps of Engineéers

Custom House ‘

Second and Chestnut Streets
Philadelphia, Pennsylvania 19106
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‘ :Dear Mr. Hansler. o

GCommission and 1:55'

""umTED s'm'as WATFR RESOURCES COUNCIL
'SU!TE 800 e 21201 ST Rr-ff:T m« WASH smum DG HUUs7

Oétoher 20; 1481

T Mr. Gerald M.. Hanq]er;f

Executive Director .
Delaware River Ba51n Commission
P.0. Box 7360 e

‘West Trenton, &J( 08628

.

.

3~.fWe are pleased to’ rece;ve the final report of the Delaware Kliver Basiu

Level B .Study. The: report reflects the excellent work dene by the
taff during this: study of the basin's water resocurce
planning needs. As”you know, ‘the Council has on several occasions

.singled out the Tresults of. tbls effort as examples of what can be
accompli shed through a well managed Level B study..

The plan prescnted in the final repcrt i more than adequatc in meeting

nour guidelines for Lev&l B studies and fully satisfies the conditions in
our Memorandum ofAAgzeement. . ) : : :

Since the Council' s"future is sLlll uncertﬂin we . ru"ret that we dio not
auticipate belng able td presenL the- report to the Council of Members

“in the near future.v I would howevur. nncourdbL you to make the finnl
‘report widely available to the - apnrap iate ¥ederal representatives,

Sincercely,
" _ /

P T . 3

.3 .
O utd & itV

Guraid D, Seinwill
Actlug Uirector

vug-

Enclosure




!UNITED STATES
DEPARTMENT OF THE INTERIOR

FISH'AND WILDLIFE SERVICE
! Suite 322
315 South Allen Street

‘Séate College, PA 16801

| February 16, 1982

Lt. Colonel Roger L. Baldwin!

District Engineer, Philadelphia District
U.S. Army Corps of Engineers!

Custom House, 2nd & Chestnut, Sts.
Philadelphia, PA 19106

Dear Colonel Baldwin:

This responds to Mr. Sheridan's letter dated December 31, 1981, requesting
Fish and Wildlife Service (Serv1ce) review and comment on the draft Technical
Appendix on Fish and Wlldllfe and Insert into Main Report prepared by the
Philadelphia District, Corpsiof Engineers, for the Delaware Estuary Salinity
Intrusion Study. The following comments were prepared in accordance with
provisions of the Fish and Wildlife Coordination Act (48 Stat. 401, as
amended; 16 U.S.C. 661 et seq.), but do not constitute the report of the
Secretary of the Interior within the meaning of Section 2(b) of the Act.

The Service concurs with mo%t of the appendix and insert to the main report.
Much of the wording is taken directly from our final planning aid report,
dated July 1981, which summarlzed the Service's contributions to the study.
Areas of disagreement are pglmarlly technical in nature and were communicated
by telephone to members of your planning and environmental staff. Unfortun-
ately, the value of this study is minimized because the appendix and insert
stop short- of recommending ways to protect the Delaware estuarine ecosystem
against natural or man—lnduced changes in the salinity regime. We repeat the

J
most important conclusion and only recommendation contained in our final

planning aid report:

1. Increasing salinity within the Delaware estuary during spring would
decrease estuarine prodyctivity, the magnitude of decline dependent on
the degree of change.

[y

2. Interruption and tempor§ry storage of freshwater outflow should be avoided

or minimized during spring (April 1 to July 1) to protect and maintain
the health of the Delaware estuarine ecosystem.

Our conclusion and recommengation are not new. During planning discussions
for the proposed Tocks Island Dam, we expressed concern about the effect of

an altered salinity regime Pn the American oyster. Eventually, this problem




was solved when the Corps agreed to modify the project rule curve and operations
to preclude storage beginning April 1. Although the Tocks Island project

" would have been a major threat to the natural salinity regime, the combination
of several smaller reservoirs could have the same undesirable effect.

The Service is pleased to have participated in this study. We ask that the
Corps consider and respond to these comments.

Sincerely,

O Huill TS
s

Charles J.iKulp ~

Field Supervisor

4-35



W
o Corpn of Totime:re
e ot Hoanss shaut lhTael
e T e 1o TS
' i
|
\
HAPEN-E |
MAR 1807

vir. Charles J. Kulp

Field Su:«rvisor

U. S. Fish a4 iildlife J&PV‘CE
315 S. Allen Street, Suite 322
State Colleje, PA 16801 (

|
Dear Mr. Kulp:

Thank you for your Fish and Wildlife Coordination Act letter of 1G February
1982 which contains the Sorvice s ccaients on the Delaware River Estuary
Salinity Intrusion Study. ke have considered ycur comments and believe it
iuportant to clarify certain matters essential to this study.

The purposes of the Corps\ Salinity Study did not include "recomxending ways
to rrotect ine . »laware eszuarine ecosysten ayainst natural or oan-iscuced
chanjes in the salinity renine“, or making any specific recomuendations.
Rather the Corps' oba;ct1vc was to 1dent1fy the effects resylting fron salin-
ity variation and where y0551b]8, the resulting costs. ifanagement of the
vater resources in the uelahare River Basin is the direct respcnsibility of
the Delaware River Lasin Counission (DREC) and the Commission vias sponsor
for this study as well as}prluary recipient of its results. DIBC would then
utilize this stiudy of which the ecosystem analysis is a part in managanent
of the overall basin needs. Since this Corps' study was in effect a portion

of a larcer undert*imny, ie avoided a neediess duplication of effort by adop-

ting the Tindings and results of the Level § study prepared by DREC. The
Level B strean flous and rulated impouncaaent scenarios represent the best
available data and ianace pent rationale for the Delaware River. The Corps
recognizes the resulls of| Level b were obtained after a lony thorough formal
process of planning, coor!'iration and environsantal impact revicw by ail
interested parties.




AAPL=L -
Hr. Caarles Jd. Kulp

In consideration of this backyround to Level T and its further developacnt
by tiie Salinfty Study, ve disa.iree with the Service's comacnt tiat the value
of the Salinity Study is winimized, due to 2 lack of Corps' recxuiendations,
ORDC's Level T Report utilized inforuation yathered by the Salinity Study

in devoloping their preforred plan and concurred that “the adverse effects

of storeje of portfons of availaoble storage cculd be mitisated or eliuinated
by refraining frou storing water in April and Hay". (Level B, page 34). This
office will also include the Service in providing input for developing reser-
voir operating criteria for now projects.

He satisfied the stated vbjectives of the Salinity Study in devaleping 2 state
of thc art computer tool and, with your input and advice, resource iupact in-
foruation for use by the bRo{ in futura flow managenent decisions. The Corps
- §s conficdent that the Commnission will continue to include all factors, espec-
fally fisit and wildlife resources, in reachiny these decisions. Your own
caisent on tha positive effect of Fish 4 Ui 1ife concerns in wodifying the

- Tocks Island Lake regulation curve demonstrates the past basis or working to-
ward mutually accpptable water managesent decisions.

Stincerely,

NICHOLAS J. GARBIERI -
Acting Chief, Planning/Engincering Division



|
'UNITED STATES
DEPARTMENT OF THE INTERIOR

FISH‘ AND WILDLIFE SERVICE
| Suite 322
}15 South Allen Street
S?ate College, PA 16801

March 15, 1982 )

Mr. Nicholas J. Barbieri ‘
Acting Chief, Planning, Engineering Div.
U.S. Army Corps of Engineers}
Philadelphia District
Custom House, 2nd & Chestnut Streets
Philadelphia, PA 19106

|

|

Dear Mr. Barbieri:

Thank you for your letter of March 3, 1982, addressing our February 16, 1982,
comments on the draft Technical Appendix on Fish and Wildlife and Insert into
Main Report prepared by the Phlladelphla District for the Delaware Estuary
Salinity Intrusion Study. While we appreciate your effort to "clarify
certain matters essential to the study', we do not believe the Service has
labored under a misconception of study objectives, their degree of achievement
or the intended study use. Qulte the opposite, we believe the Corps has
departed from the original study objectives.

In our planning aid report to the Corps, dated July 1981, the Service quoted
from Lieutenant Colonel Call?han's letter of December 30, 1977, to the Service
which initiated the study. FWO excerpts from the letter appear below:

This Congressionally authorized study is to analyze the movement of
salinity in the estuaryl and identify the amount of fresh-water flow in
the Delaware River needed to protect water users of the estuary.

The study will assess ghe problems and identify alternmatives to diminish
the detrimental effect% of varying salinity.

These statements indicate that the Corps' study objectives were two-fold: to
analyze the movement of salﬂnity and to identify alternatives for reducing

the detrimental effects of varying salinity on estuary users. Unfortunately,

the second objective was noﬁ carried out, an apparent deference to water

resource management responsibilities of the Delaware River Basin Commission.

We do not doubt or dispute ﬁhe overall river management role enjoyed by the
Commission, however, it puzzles us to see this responsibility suddenly emphasized
when it existed at the start of the study and, in fact, existed when the

Corps agreed to modify the flow regulation curve for the proposed Tocks

Island Dam. It also puzzles us that the Commission, which is the primary




recipient of the study, completed the Level B study before the salinity study
was finished. We still believe it is appropriate for the Corps to assess its
findings and recommend to the Commission methods of protecting the estuary
and its users. We are particularly interested in a recommendation about
manipulation of spring flows. As noted in your letter, the Commission is
already aware that adverse effects of storage on estuarine biota could be
mitigated or eliminated by refraining from storing water in April and May.
This awareness is reinforced by the results of the salinity study, and in our
opinion, these results justify establishment of no storage during spring as
standard operating procedure. This does not mean special circumstances
cannot be considered, such as long term drought, chemical spills, etc.
Extraordinary events could justify some variance to the procedure. The
important thing is to establish a protective procedure first and then
consider variations to it.

We regret that you disagree with our assessment of the value of the salinity
study. However, unless the Corps interprets its findings and provides at
least conceptual guidance, our assessment will not change.

Sincerely,

Claly -

Field Supervisor
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DELAWARE RIVER BASIN COMMISSION
. P.0.BOX 7360 '
WEST TRENTON, NEW JERSEY 08628 .

(sog) Ba3-9s500

i HEADQUARTERS LOCATION

GERALD M.HANSLER ; April 2, 1982 25 STATE POLICE DRIVE
EXECUTIVE DIRECTOR WEST TRENTON,N. J.

Dear Colonel Baldwin:

| This is to supplement my letter dated
August 27, 1980, regardiﬂg the Delaware Estuary Salinity Intrusion Study.

As you are aware, we have recently (May 1981)
developed a "Level B" water resources plan for the Delaware River Basin.
As part of that plan, a series of flow objectlves, defined in terms of
fresh water inflows needed to protect water users of the estuary, was’
determined. The spec1f1c goal, under the preferred plan, for the Delaware
River flow objective waslrecommended to be 3,072 cfs at Trenton, New Jersey,
during the low-flow season of a drought year. This represents the estimated
level of flow regulatlon\requlred to control invasion of sea salts so that
the maximum 30-day average chloride concentration at River Mile 98 (5.5.
miles upstream of the Schuylk111 River) would not exceed 121 mg/l in the
year 2000. Under another "mixed objective plan," the Trenton flow objective
would be 2,605 cfs, which would control invasion of sea salts so that the .
maximum average chloride! concentration at River Mile 98 would not exceed
180 mg/l in year 2000. Ft is anticipated that both of these salinity control
flows and quality objectives will be subjected to public hearing later this
year. Subsequent to thak hearing, the Commission will select that level of
flow and salinity control that will be included in the Comprehensive Plan,
and be the driving forcel of the Basinwide water management plan, pursuant

to the Compact. ;
!
|

( Several early products of the Delaware Estuary
Salinity Intrusion Studﬂ provided valuable input to our work. These products
included both the Executive Summary, which contained preliminary estimates

of potential salinity-related damages and preliminary simulations with the
MIT-TSIM salinity-intruéion model. We are also aware of concerns raised

by the U. S. Fish and Wildlife Service regarding protection of the estuarine
ecology. These concerné were considered during the development of the

Level B water resources plan discussed above. We will continue to consider
these concerns in the further planning, development, and operation of specific
projects.




v The information developed as part of your study
since the flow objective was determined has also been considered to see if
changes are appropriate. In particular, we note that although the values in
the Executive Summary have been revised to reflect more accurate data developed
during the course of the study, these changes merely support our previous
decisions. Also, the added detail that was not (until now) available due to
the completion of Branched MIT-TSIM Model has and will continue to provide:
invaluable supporting data. '

: In summary, the Delaware Estuary Salinity Intrusion
Study has been an outstanding example of coordination between our respective
agencies, and I trust that similar cooperation will carry into future efforts.

Sincerely,

'@4/774»,4/\

erald M. Hansler

Lt. Colonel Roger L. Baldwin, District Engineer
U. S. Army Corps of Engineers

Second and Chestnut Streets

Philadelphia, Pennsylvania 19106

'S
|
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s . 05AUG 1982

Mr. Charles J. Kulp
Field Supervisor

U. §. Pish & Wildlife Bervice

315 Bouth Allen Street, Suite 332
State College, PA 16801 |

b
|
|
|
!
i

|

Dear Nx. mp' ‘
Under separate cover you wfnro previously furnished a draft copy of the
Delaware Estuary Salinity Intrusion Study for your review. Ais further
discussed in cur office on/20 July 19682 and by telephone, in order to
complets out study, we request a letter from the Sexvice indicating
technical and other couments on the study dncument. :

I
I request that your mm}mmmmumuwmum
1982. If you have questions on the document, please coatact
. Dx. John Burnss at FTS: 59}7-4333 ar 3931,

J EM'

| WICKOLAS J. BARBIERI, P.E.
.. Chief, Planning/Enginesring Division




UNITED STATES
DEPARTMENT OF THE INTERIOR
FISH AND WILDLIFE SERVICE

Suite 322
315 South Allen Street
State College, PA 16801

August 19, 1982

Lt. Colonel Roger L. Baldwin

District Engineer, Philadelphia District
U.S. Army Corps of Engineers

Custom House, 2nd and Chestnut Streets
Philadelphia, PA 19106

Dear Colonel Baldwin:

This responds to Mr. Nicholas J. Barbieri's letter, dated August 5, 1982,
requesting the Fish and Wildlife Service's comments on the Delaware Estuary
Salinity Intrusion Study (DRAFT), dated April 1982.

These comments provide technical assistance only and do not represent the
review comments of the Department of the Interior on any forthcoming environmental
statement,

The Service played an active role in the Delaware Estuary Salinity Intrusion
Study; contributing eight planning aid reports that addressed the sensitivity

of the estuarine ecosystem to altering the natural cycle of salinity change.

The Service also reviewed an earlier draft of excerpts from the draft, submitting
comments in letters dated Febuary 16, 1982, and March 15, 1982. These comments
were followed by various communications between our offices, during which we
were informed of a major change in the original intent of the study. We refer
to Goal "B" or the "quantity flow" goal which was dropped in 1978 in deference
to certain concurrent work activities undertaken by the Delaware River Basin
Commission (DRBC). This refinement in study objectives greatly reduced the
scope of the study and, in our opinion, minimizes the study's value. As far

as we are concerned, the value of this study in assessing the impact of salinity
intrusion on fish and wildlife has been lost if the Corps is unwilling to
recommend measures which would minimize adverse impacts identified in the
assessment.

There are certain deficiencies in the text which should be corrected in the
final report. These and other comments follow the format of the document.

Page 18
The Table indicating "Periods of Drought" should be amended to indicate an

official end to the 1980 drought inm April 1982.

Page 19
According to the DRBC, the 250 mg/l chloride line advanced to RM 97.5 on
February 2, 1981. 443



Page 23 :

To illustrate the 1mportance of the first statement under "Fish and Wildlife,"

we suggest adding the folloylng

!

For example, "after the New York City diversions commenced in
1953, the (oyster) drill line moved from just below Ben Davis
Point almost to Ship John bed. Approximately 1,000 acres of
Delaware State (oyster) seed beds and about 1,000 acres of the
Shell Rock and Ben Dav1s beds in New Jersey were depleted by
the loss of Delaware Rlver flow." (From: URS/Madigan-Praeger,
Inc. 1975. A Comprehenslve Study of the Tocks Island Lake
Project and Alternatlvgs <)

Page 31 5
The second paragraph mentlons that flow changes at Trenton influence lower
estuary salinity after onlyfa few days and that the "effects" may persist
for many months. The term "effects" is unclear and should be explained.

Page 38 ' ’

The Service strongly concurs with the statement that timing of flow into

estuarine waters is importaht in its effect on productivity, stability and

general health of the estuérine ecosystem. This importance was emphasized by

- the Corps and the Delaware Fiver Basin Commission when both agencies agreed to
modify the flow regulation curve of the proposed Tocks Island Reservoir,

precluding storage after April 1.

Page 50 ‘ .

The last sentence in parag%aph 1, ending '"...overall availability over an
extended period” makes no sense. Should "productivity" be substituted for
"availability"?

i
Page 63
According to the DRBC, modﬂflcation of Francis Walter and Prompton Reservoirs
and construction of the Merrill Creek Reservoir will mean 20 percent of the basin's
land runoff area will be controlled, more than double the current amount. We
are not aware of any lower |estuary spring flow requirements for the existing
reservoirs or for the propqsed reservoirs. Furthermore, there appear to be
no limits on the timing of istorage. With the amount of drainage to be placed
under control at 20 percent and the absence of storage constraints, it is only
a matter of time before the need arises to store significant amounts of spring
flows, depleting supplies to the estuary. The resulting change in estuarine
aquatic productivity may or may not be noticeable depending on how much fresh
water is withheld and whenJ Certainly the possibility for a mnoticeable change
increases as water supply demands increase and as new reservoirs are constructed
to satisfy that demand. In our opinion, it is naive not to expect estuarine
fauna to suffer from the iqcreasing manipulation of their freshwater supply.

Page 65 |

We do not agree that the Level B cited plans reasonably considered the effects

of salinity on the ecologiéal system in determining the overall needs of the

estuary. Examination of the Level B report and EIS shows that estuarine ‘
ecologic needs were considered in part and dismissed. Most consideration was .
given to the oyster seed beds which were shown to be adversely affected by

4-44



reduction in spring flow. We are not aware of DRBC consideration of other
estuarine fauna or of efforts to protect these resources from manipulation
of freshwater flow.

Page 66

See comment under Page 18.

Page 3-7

The word "meurosis' should be '"necrosis."

Page 3-15
The number "28" should be "228."

As these comments demonstrate, the Service continues to believe in the need to
modify reservoir operations (i.e. no storage after April 1) in order to maintain
estuarine productivity. If the Corps is unwilling to support this concept, we
request the final report state the Service's views on this matter.

Sincerely,

i Charles J. Kulp
A51Q/ Field Supervisor
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DEPARTMENT OF THE ARMY
PHILADELPI‘HIA DISTRICT., CORPS OF ENGINEERS
CUSTOM HOUSE—Z D & CHESTNUT STREETS
PHlL.A;DELPHIA. PENNSYLVANIA 19106 .

: :
lNFQRMATION BULLETIN i OCT 1982
DELAWARE ESTbARY SALINITY INTRUSION STUDY

The Philadelphia Distriict Corps of Engineers has completed a
study on the Sallnlty!Intru51on of the Delaware River Estuary.
This study is in response to a resolution of the House of
Representatives' Commyttee on Public Works, adopted

23 September 1976. ;

In responding to the QOngressional Resolution directing the
Delaware Estuary Salinity Intrusion Study, the specific
goals of the study were to determine the probability for
advance or retreat of 'salinity in the Delaware Estuary, and
the quantity of fresh lwater inflow needed to protect the

various water users along the estuary.

The Corps of Engineers concentrated on addressing the first

of these goals. Salinity -cost relationships were developed

for all direct water users of the Delaware Estuary. The

previously developed mathematlcal model (the Transient Salinity
Intrusion Model of the Delaware Estuary) by the Delaware

River Basin Comm1551on was modified as part of this study

to reflect the 1nteraet10n of the Delaware Estuary and the

Chesapeake and Delaware Canal. By comparing the results of .
these two computer models, the influence of the Canal on

chloride concentrat1ons was found to extend from Chester,

Pennsylvania to Ship John Shoal, a distance of 45 miles.

The modified model was used to 51mulate long term salinity
concentrations 1ncorporat1ng the post-enlargement condition

of the Chesapeake and|Delaware Canal. Flow in the Canal has

varied both in volumel and direction. However, the long-term

(50-year) average was | calculated to be 6,560 cubic feet per

second eastward. Long term salinity concentrations were

also determined as patt of the study which provided continuous

data needed to determine the probabilities of salinity levels

in the estuary } ‘

In addltlon, the data‘from the long term model runs served

as input to an economlc model. That model was also developed
as part of this study and was used to determine average
annual costs to estuarlne withdrawal water users. These
costs are indicators of the expenses incurred by the water
users such as replacing corroded parts and equipment, utilizing
alternative water sources and treatment of the saline water.
The results of this portlon of the study indicated that the
average annual sallnlty related costs to municipal and direct
industrial users are 19 8 million dollars per year.



A range of possible 1mpacts of salinity variation on fish and
wildlife resources was also addressed. Impacts were found to
be both positive and negative depending on relative species'
preferences and sometimes life cycles within individual species.

The second goal was addressed by the Delaware River Basin
Commission which has the responsibility for the control and
development of the water resources of the Delaware River

Basin. The Commission consolidated the results of this

salinity study and other efforts, and determined a range of

flow objectives for the protection of water users along the
Delaware Estuary as part of their Delaware River Basin Comprehensive
(Level B) Study. That study has been accepted by the Water
Resources Council. The flow objectives as determined by the
Commission were incorporated into this study. Close coordination
was maintained with the Commission during the two studies.

It is anticipated that future adjustments of the flow objectives
will be made by the Delaware River Basin Commission through

its long-term basin planning program. Under this progran,
interstate water management recommendations will be made to
reflect continuous planning efforts regarding any changlna
conditions throughout the Basin.

You will be notified when the report is available documenting
the above studies. 1In the interim, further information
regarding the study may be obtained from the Office of the
District Engineer, U.S. Army Corps of Engineers, Philadelphia
District, Custom House, 2nd and Chestnut Streets, Philadelphia,
Pennsylvania 19106. Should you have any questions, please
contact Mr. John Murphy, Chief, Planning Branch, at (Area

Code 215) 597-4839.
W 72 7
%A/NICHOLAS J. BARBIERI, P.E.

Chief Plann1ng/Eng1neer1ng Division



DELAWARE RIVER BASIN COMMISSION
o P.0O.B0OX 7360
WEST}TRENTDN,NEW JERSEY 0OB8EB2B .
! .

(so9) 8B3-3500

/ ) HEADDUARTERS LOCATION
GERALD M.HANSLER [ : 25 STATE POLICE DRIVE
EXECUTIVE DIRECTOR - ‘ November 12, 1982 WEST TRENTON, N. J.

Dear Colonel Baldwin:

3 This supplements my earlier letters of

August 27, 1980, and Aprii 2, 1982, regarding the Delaware Estuary
Salinity Intrusion Study %eing conducted by your office.

‘ We have reviewed a recently revised draft
of the final report of the Salinity Intrusion Study. We find that the
Corps' Study, together w1th the Commission's own studies of salinity in-
trusion in the Delaware estuary,vhas met the information needs that
prompted the Commission' skpetltlon to Congress to authorize the study.
‘Due to effective coordination efforts by your staff, the DRBC staff has

been kept informed of the[Corps findings throughout the Corps' Salinity
Intrusion Study. ;

i The Delaware Estuary Salinity Study has provided
much useful 1nformat10n on the ecologic and economic impacts of salinity .
in the Delaware estuary. 'This information proved to be of value in
formulating alternative plans, as presented in the Commission's Level B
Report, for consideration by the Basin community. The Corps' modification
of the DRBC's mathematical salinity model of the Delaware estuary to in-
clude the Chesapeake and Delaware Canal as a tidal branch and the results
obtained with the branched model were more helpful in assessing the effects
of the canal on Delaware estuary salinities. The economic model developed
and used by the Corps propided evaluations of the salinity-related costs
incurred by water users along the estuary. We anticipate that these models
and the data presented in the study report will continue to be useful in
the continuing planning pkograms of this Commission.

!
| I congratulate you and your staff on bringing

this difficult and complex technical study to a successful conclusion. This
Commission has the remaining task of establishing salinity-control objectives
for the Delaware estuary., Since my April 1982 letter, we have continued
‘efforts to resolve the question of salinity standards and minimum flows needed
in the Delaware River for salinity control.

4-48



-2—

We very much appreciate the opportunity to
review the draft report of the Delaware Estuary Salinity Intrusion Study,

and we look forward to receiving a copy of the published document.

Sincerely,

W
éz Hansler )

Lt. Colonel Roger L. Baldwin, District Engineer
U. S. Army Corps of Engineers

Second and Chestnut Streets

Philadelphia, Pennsylvania 19106



 DELAWARE ESTUARY
SALINITY INTRUSION STUDY

PERTINENT CORRESPONDENCE

US Army Corps
of Engineers
Philadelphia District

NI




\ DELAWARE ESTUARY
SALINITY INTUSION STUDY

APPENDIX 4
PERTINENT CORRESPONDENCE

TABLE OF CONTENTS

ITEM , - ~ PAGE

INTRODUCT ION ; i, 4-1
LETTER FROM COMMITTEE ON PUBLIC WORKS AND
TRANSPORTAT ION, HOUSE OF REPRESENTATIVES, o
27 July 1976 _ 4-5

RESOLUTION FROM COMMITTEE ON PUBLIC WORKS AND
TRANSPORTATION, HOUSE OF REPRESENTATIVES,
23 September 1976 4-7

LETTER FROM DELAWARE RIVER BASIN COMMISSION ) o
12 October 1976 4-8 .

LETTER FROM PHILADELPHIA DISTRICT, CORPS OF ENGINEERS v _
30 December 1977 . v ' 4-20

LETTER FROM DELAWARE RIVER BASIN COMMISSION, :
27 January 1978 o ’ 4-25 "

LETTER FROM DELAWARE RIVER BASIN COMMISSION, _
27 August 1980 : . : . 4-32

LETTER FROM U.S. WATER RESOURCES COUNCIL, '
20 October 1981 N A . 4-33

LETTER FROM U.S. FISH AND WILDLIFE SERVICE, ‘
16 February 1982 B 4-34

LETTER FROM PHILADELPHIA DISTRICT, CORPS OF ENGINEERS g
3 March 1982 4-36

LETTER FROM U.S. FISH AND WILDLIFE SERVICE, _
15 March 1982 4~-38

LETTER FROM DELAWARE RIVER BASIN COMMISSION, -
2 April 1982 4=40

LETTER FROM PHILADELPHIA DISTRICT, CORPS OF ENGINEERS, :
5 August 1982 ' ' 4~42

LETTER FROM U.S. FISH AND WILDLIFE SERVICE, :
19 August 1982 . 4-43

INFORMATION BULLETIN, PHILADELPHIA DISTRICT, CORPS OF :
ENGINEERS, 14 October 1982 4-46

LETTER FROM DELAWARE RIVER BASIN COMMISSION
12 November 1982 v _ 448



INTRODUCTION

This appendix includes cérrespondence pertinent to tﬁe Delaware Estuary
Salinity Intrusion Study. During the Plan of Study coordinatiom was
initiated‘with regional, Federal, State and County agéncies. Throughout
Stage 2, coordination continued with extensive liaison being maintained with
the study sponsor, the Delaware River Basin Commission (DRBC), .and U.S.
Department of Interior, Fish and Wildlife Service. Pertinént correspondence
is included in thig appendix. An Executive Summary was prepared in 1980 and
distributed to all water users and interested parties. The Executive
Summary documented the results of the Phase 1 Economic Study (see page 40)
and indicated estimates of salinity-related costs (i.e. replacement of
corroded parts and equipment, use of alternative water sources, and

treatment of saline water). Agencies which provided input during the course

of the study are:
a. U.S. Geological Survey - data on stream flow and water.quality.

" b. National Oceanic and Atmospheric Administration - tide data,

temperature, and density.

c. U.S. Fish and Wildlife Service - iﬁventory of fish and wildlife

resources, salinity impacts on estuarine fish and wildlife.

d. National Fisheries Service - literature search and input to Fish and

-Wildlife Service work.

e. U.S. Bureau of Census — population data.



f. Delaware River Basin Commission - inventory of estuarine water uses,
water quality, population data, water management plans (flows), MIT-TSIM

Model, and advice concerning |development of MIT-TSIM Bramched Model.

g. Delaware Valley Regiénal Planning Commission - regional and local

population and economic projections and inventory data.
|

t .
h. Delaware Department of Natural Resources and Environmental Control,
I

Division of Fish and Wildlifé - input to Fish and Wildlife work.

|

i. Pennsylvania Department of Envirommental Resources - State Water

Plan.

j. Pennsylvania Fish Commission - input to Fish and Wildlife work.

k. New Jersey Department of Environmental Protection - State Water
Plan; Division of Fish Game énd Shellfisheries - input to Fish and Wildlife
Service work.

|
l. New Castle County Planning Commisssion - water use, population data.

m. Chesapeake Bay Institute ~ salinity and tide data.
!

n. Water Resources Association of the Delaware River Basin - provided
! .
assistance in surveys of indpstrial water use and distributed the Executive

|
Summary to water users.

t

In lieu of holding a final public meeting, an Information Bulletin was used
as a vehicle to coordinate the conclusions of the study with interested

agencies and parties. A copy of this bulletin is included in this appendix.
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During the final coordination efforts with U.S. Departme;t of Interior, Fish
and Wildlife Service, this office received comments on the draft final
report in a letter dated 19 August 1982, (included in tﬁis appendix). These
comments were considered in the preparation of the finalsreport. However,

several of the comments are clarified in the following paragraphs.

Concerning the "quantity of flow" (gsal b), it is the opinion of the Service
that the value of the study is minimized by deference to concurrent work
done by DRBC. The approach used in this study, as documented in the
Reconnaissance Report dated December 1978, intended incorporation of ongoing
DRBC éfforts, particularly the Level B Study which responded to the gquantity
of flow goal. This approach was adopted in an attempt to avoid duplication
of effort. The Service was iﬁvdlvgd with the Plan of Study.(during which
tﬁe decision for this approacﬁ was reached), the ensuing Stage 2 activities,
"(during which time the approach and tasks outlined in the Plan of Sﬁudy were
carried out) and the Level B Study (during which tﬁe'activities concerﬁing

quantity of flow were carried out).

<During the Level B Study, opportunity to provide inputs to the quantity-of-
flow objéctiQe was afforded to all agencies, and these inputs have been cbn—
sidered-by DRBC in addressiqg this objective. It is the Qiew of the Corps
of Engineers that it would be duplicative to repeat DRBC's efforts, and,
furthermore, such duplication would not improve the outcome. It is
emphasized that the results of the Level B Study have been accepted by the
Commi ssion (which includes the Governors of the affected States and the

Secretary of the Interior), and by the Water Resources Council.



| :
The Service is also concerned|that the Corps is unwilling to recommend

measures to minimize adverse impacts, particularly regarding spring flow

requirements as affected by s#orage runoff in existing or proposed

reservoirs. In the Service's§view, these requirements are necessary to
protect estuarine fauna from %anipulation of freshwater flows and to
maintain estuarine productivi%y. While the resolution of these concerns is
beyond the scope of this stud&, these issues were considered by the DRBC
Level B Study and the overlap&ing negotiations among the parties to the 1954
Supreme Court decree that alﬂocates the waters of the Delaware River among

the Basin States. Further consideration can be given as part of the

t

site-specific project studieé and public hearings that will be required
{

under the Delaware River Basﬂn Compact before comnstruction of any new
impoundment. The Corps is willing to participace in these continuing
efforts. However, the Corps[recognizes that multipurpose reservoir

operation is an extremely complex issue involving many factors, not just

estuarine ecology.
|

It is emphasized that norhal[reservoir operation'prefer fiiling available

long-term storage capacity p%ior to spring and in most years the reservoir
would be filled before April: It is the opinion of this office that the
establishment of a set of defined individual operating criteria for each

I

reservoir is the best vehiclé for maximization of project benefits and

0

minimization of adverse effects.

\
s

Extensive coordination was maintained with the Delaware River Basin

|

} - -
Commission throughout the conduct of the Study. DRBC provided review and

technical assistance in the |development of data and amalysis. Pertinent

correspondence is included in this appendix.
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CENTER FOR THEZ PLRFORMING ANTS ’ . : ©OLD BuinaE, NEw JUrSEY 08357,

: . “‘..,\',“ .
Honorable Robert E. Jones, Chairman et

Committee on Public Works and Transportation
2165 Rayburn Office Building
Washington, D.C. 20515

Dear Mr. Chairman:

The Delaware River Basin Commf%sion has proposed a study of salinity
intrusion in the Delaware River estuary to resolve certain questions left
unresolved by the 1975 study by URS/Madigan-Praeger of the Tock: Island
Lake project. The DRBC member representing the State of New Jersey has
assigned the nighest priority to this study, and the Basin States have
committed some of the funds needed for the study. An additional amount of
$100,000 is needed to carry out the study as proposed, including funds for

" hydraulic modeling of sea-water intrusion to be carried out by the Corps
of Engineers using the existing physical model of the estuary located at '
- the Watchuyq Experiment Station (WES) at Vicksburg, Mississippi. The Corps

has estimated that the proposed WES modeling would cost from $60,000 to
$70,000.

It has been -suggested that Congress make a specific authorization of
$100,000 to the Corps of Engineers for the purpose of carrying out the WES-
modeling studies, with a pass-through of the excess over that needed by the
Corps to the Delaware River Basin Commission for use in supplementing the
State funds as needed to complete other phases of the salinity-intrusion
study. Thesc other phases include mathematical modeling and analysis of -
the impacts of various potential levels of salinity on municipal and )
industrial water users along the estuary. Assuming the timely availability
of funds, it is anticipated that the salinlty-lntru31on studles can be

‘completed within fiscal year 1977.

Cur purpose in addressing you is to express our interest in this
proposced study which is of such vital interest to the States of New Jersey,

' Delaware, and Pennsylvania, and to request your support to an authorization

of $100,000 for the purposes outlined above. It occurs to us that such an
authorization might be conveniently coupled with the proposed Corps' study
of a "no dam" flood protection program for the Delaware River, as discussed
in the letter of November 14, 1975, addressed to you from several Members
oi Conzress. In any event, both of these studies are needed to evaluate
various proposed alternatives to the Tocks Island Lake project.
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“Mon. Robert E. Jones -2- ‘ July 27, 1976

We are,

\

! , o

| Most respectfully, T
‘ .

B ’\AOM loo
Rep. Frank Thompsonl Jr.

[ s

Iorsythe Rep. W'illlﬁcreen . -.ImGS J. Florio

eP. .,uwm B

L &57 @7/«%//%

ReWJObhua Eil Rep. Robert N.C. N}& Rep. Edward G. Bue_s,c.gr,/c

cc: Mr. James F. Wright /J,’,__ JJ 8 ELE A .

Lt. Gen. William Grlbble; Rep. Robert W. Edgary




COMMITTEZ ONM PUBLIC WORKS AND TRANSPORTATION
U.S. HOUSE OF REPRESENTATIVES -
WASHINGTON, D.C. ’

RESOLUTION

Resolved by the Cornmittee on Public Works and Transportation of the House of Representa-
tives, United States,, that the Board of Engineers for Rivers énd Harbors
is hereby requested to review the report on the Delaware River
RBasin, New York, New Jersey, Pennsylvania, and Delaware, publishad

in House Document 522, 87th Congress, 2nd Session, and other

pertinent reports, with a particular view to determining the
. probability for advance or retresat of salinity in the Delaware
Estuary and the quantity of fresh-water inflow needed to protect

the various water users along the Estuary.

Adopted: September 23, 1976

ATTEST: ﬁ%"‘/}" % . yam‘-ﬂf/ |

Chairmean

1.9, COVERAMINT PRINTING OPFZC Sl ~481-n

-

. rRequested by: Hon. Frank Thompson, Jr., Hon. Edwin 8. Forsvihe,
Hon. William Green, Hon. James J. Florio, Mon. Joshus
Eilberg, Hun. Rebert Nix, Hon. Edward G. Bicster, Jr.
Hon. Robert W. Edoar
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DELAWARE RIVER BASIN COMMISSION
. P. 0.D0OX 7360 , :
WEST TRENTON, NEW JERSEY DBE28 | - . : .

-

(608) BB3-9300

; . : _HEADOUARTERS LDCATION
JAMES F. WRIGHT ) ' ) 2S STATE POLICE DRIVE
EXECUTIVE DIRECTOR o QOctober 12, 1976 WEST TRENTON, N. J.

Dear General Kelly:

iAs you know, the study of the Tocks {sland Lake
project directed by the Congress in August 1974 and completed in July 1975 left un=

resolved the question of the need for fresh-water flow into the Delaware estuary for
confrol of sea-waser intrusion. Conduc?ed by URS/Madigan-Praeger, the salinity study
was found by the Delaware River Basin Commission staff to be invalid in certain respects
and incomplete in others. This staff view was generally concurred in by a panel of
estuarine experts called tegether by the DRBC to review'the salinity intrusion aspects of |
the URS report. At a meeting in Newark, New Jersey, on July 17, 1975, these inter-
nationally reccgnized experts recommended additional study of the salinity-flow

relationships, vsing both mdthemolhcal and hydraulic modeling techniques, as well as
observcho'ws of the prototype esfucry itself,

P ' ‘As a resylt of the experis’ recommendation, the DRBC
i dlrecteo its staff to prepare a plan of study designed to resolve the unanswered questions
relating fo the salinity intrusion problem and also directed the staff to seek funds to

support such a study, Accoxdmgly, in September 1975 the staff prepared o plcn of stuo}r
~a copy of whlch is enclosed.

wa i s o

m——— e
i o ———

Smce September 1975 we have contacted various agencies
cnd the Congress sceking f'ncncxc“ assistance for the proposed salinity study. As you know,

in late January 1976 we conferred with you on the possibility of Corps of Engineers’ fund=-

ing of the salinity study under so'r;\e existing authorization. |t was your opinion that a

specific authorizotion by Congress would be needed before you could requ\_sf an appro-
prtahon of funds for the salinity sfudy.

SpvpREpReeIEy £ 2 S

,Througn the elforts of several Cornigressmen from the
Delaware Basin arca, the Commnﬂce on Public Works and Trensportation of the House of
)

Representatives adopted a resolution on Septemoer 23, 1976, requesting that the Beard of
Engincers for Rivcis and Harbors review the report on the Delaware River Basin {(House
Document 522, 87th Congress, 2nd Session) to determine the probebility of salinity in
the Delaware estuary and the quantity of freshi-water inflow needed to protect the various
| watef users along the cstuary. It is our understanding that this resolution constitutes the
spccsﬁc authorra ion that you ha'd gorlm x.wccoic.d would be nf.cdn.d bcfore the Corps

e

-w Horu WlHnarn Groen Hon J{J"K‘S J I r'o,_ ton. Joshua
Eilberg, Hon. Rchc,rt Mix, Hon. Edward G. Bicster, Jr.
Hon. Robert W. Edoar
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During our discussion of this matter in your office on
October 5, 1976, you expressed the view that although the Congressional resolution

of Scptember 23 meets the need for a specific authorization for the salinity study, a

Corps request for an appropriation for this purpose would depend upon priorities for
allocation of the limited total budget assigned to the North Atlantic Division. In setting
your priorities, it may be useful to know that our Commissioners, in establishing our
program for the near future, have assigned the highest priority to the resolution of the

* salinity intrusion issue. They recognize that such resolution is necessary not only to

determine the ultimate disposition of the Tocks Island Lake project {construction or
deauthorization), but also to determine the construction timing and operation of all
proposed storage reservoirs in the Delaware River Basin, including the several major

. multipurpose impoundments authorized for construcnon by the Corps of Engmeers.

: . Regarding the Tocks Island project and its relation to
the sal lmfy study, Governor Byre of New Jersey has emphasized the importance of the -
salinity study with respect to the deauthorization of this Corps project. In his letter of .
July 25, 1976, to Senator Mike Gravel, Chairman of the Subcommittee on Water Resources
of the Senate Committee on Public Works, Governor Byme urged the Subcommittee to
defer action on deauthorization and noted that the DRBC has begun to evaluate the sug-
gestion that a reduced standard for minimum water flow in the Delaware River at Trenton
may not risk undue. intrusion of sea salts to downstream municipal and industrial woter
supplies. Governor Shapp of Mennsylvania, in his statement presented to the Subcommittee
on July 23, 1976, also opposed deauthorization, and stressed the need for maintenance
of river flows to help control salinity in the estuary. Governor Tribbitt of Delaware, in
a statement presenfed to the Subcommittee, also noted the salinity question and other
unresolved issues in arguing thaf deaufhonzuhon of the Tocks Island prolect now would
be premature, .

New Jersey has recently initiated a major study and

- . preparation of a state water supply master plan, and this study will consider the viability

of proposed diversions of water from the Delaware River to meet the needs of northeastern
New Jersey. The results of the proposed salinity study will be a necessary input to the
“evaluation of any such diversion.

Current water quality planning efforts by the Delaware

Valléy Regional Planning Commission and other agencies under Public Law 92-500 and
other legislation arc dependent to a significont degree on knowledge of the flow that

will be availoble in the Delaware River at Trenton for assimilation of treated wastes
discharged into the upper estuary. The dependable river flow-that necessarily will be
used as a basis for design of wastewater treatment facilities will be determined by the
need for sustained minimum regulated {lows for control of sca-water infrusion. Rational
planning for pollution abatement in the stuary connot proceed very far without determin-
ation of the fresh-water flows that ere to be provided for salinity control, This fact
alonc supports a hwh priorily for the salinity study,
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" | cannot emphasize too strongly the importance of
the salinity~-control issue in relation fo all of the active long-term storage capacity
called for in the Comprehensive Plan, not just that portion of the total authorized
COpacufy that would be prov;ded by the Tocks Island Project. The widely held but
invalid impression, created by 1he 1975 URS/Madigan~Praeger report, that low-flow
augmeniation is not necded for sahmfy control, was a key factor in the success of the
Tocks island project opponents in halting that project. If this impression prevails, it
will promote similar opposition to other Comprehensive Plan water-storage projects that

.are designed in part to conmbute to salinity control. Until the incomplete URS salinity N

study is supplemented by an authoritative comprehensive study to resolve the issue, it
will be difficult to proceed w:th‘construcnon of any of the authorized storcge projects,
including those proposed by the Corps of Engineers,

‘ Another factor in the question of Corps priorities is
the relationship between the salinity intrusion study and the corrent comprehensive water
resources study of Burlington, Camden, and Gloucester Counties of New Jersey by the
Philadelphia District of. the Corps of Engineers under its Urban Studies Program. The

“water supply aspects of this tri-county study are closely related to the recharge of aquifers |
~ along the Delaware estuary by the tidal waters of the Delaware River and its sea-level

tributaries, No firm'concf_usions}' regarding water supply for this region can be made in
the absence of more precise information than is now available on the salinity-flow

- relationship. The salinity study iis designed to provide such information.

| Regarding financing of the proposed salinity study, you
should be aware that we have received commitments from the Basin States te provide
$60,000 directly to the DRBC for support of the study. In addition, New York State has
requested transfer of "Section 214" funds from several Corps of Engineers districts to the
Philadelphia District for use in conducting salinity modeling tests planned as part of the

study, to be carried out with fne‘ hydraulic model of the Delaware estuary at the Corps'

Weremczy. Experiment Station cf Vlcksburg, Mississippi.

' - We have also asked the Envnronmenfol Protection
Agency to consider the pos.,nblhqy of EPA funding of part of the proposed salinity study.
Although wvic have received no written response, informal discussions with EPA officials
have indicoted that although they reccgnize the need for, and importance of, the
salinity study, that agency has nfo fur-ds available to allocate to that purpose.

~ ~ We have also confccfed the U.S. Water. Resources
Councul for poss;blﬁ {funding of the salinity study by a grant under that agency's special
studies progiam. ' To date, we have received no response except a WRC request for

additional information conccrnm‘q the proposed study, which we have supplicd. In the

meantime, because of the current Corps authorization, | have advised the cher Resources

Council that the request is fo bolhz.lz.. in abeyance at this time,
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In requesting a review of House Document 522, the
House Committce on Public Works has recognized the important significance of the

. salinity issue as it relates to the federally authorized projects for multipurpose develop-

ment of the watcr-resources of the Delaware River Basin., | believe the salinity issue
merits a very high priority with respect o implementation of authorized storage impound-
ments in the Basin, particularly the muliipurpose reservoirs proposed for construction by
the Corps of Engincers, .

This Commission wzll be glod to cooperate with the
Corps in this matter, It is our suggestion that funds be oppropriated to the Corps adequdte
for the entire salinity study, with the Corps funding the hydraulic modeling work at the
Waterways Cxperiment Station in Vicksburg, and with a pcss-fhrough to the Commission
of the remaining funds appropriated, to be used by the Commission in carrying out the

-mathematical modeling and other aspects of the study as outlined in the Plan of Study. ;

The Waterways Experiment Station has recently informed
us that the basic cost for preparing the hydraulic mode! and operating it for calibration,
verification, and three test runs will be $66,000, including a 10 percent contingency
item. The three test runs would include simulation of the 1965 hydrographic data with
(1) net flow eastward through the enlarged Chesapeake and Delaware Canal; (2) net flow
westward through the C & D Canal; and (3) one additional set of data consistent with
projected streamflow modifications resulting from post-1965 storage impoundments, in-
creased consumptive use and diversions of water, and releases from storage. The three
runs for which the WES estimate is'now $566,000 are fewer than we had earlier had in mind

“when we discussed the study with WES and received an estimate of $60,000. The estimated

cost has changed but little, but the scope of werk has been significently reduced within

" the estimate, However, it appears that the $260,000 reported to Congress by the Corps

will be adequate 1o cover the cost of additional model runs deemed necessary to answer
all pertinent questions, with enough remaining for the ofher parts of the study to be
carried out by the DRBC. :

!‘ ' Our staff members who will be particularly concerned

with the sahm.y stuoy are Mr, Herbert A, Howlett and Dr. C.H.J. Hull. We will welcome

the opportunity for further consultation after you have reviewed this matter. | would hope
that we might complete our joint planning and make adequete funding arrangements for the
salinity study this fall so that we may be ready to initiate the study carly in calendar year
1977.

Smcerely, <

Qe Fotrz#? S

ames F, Wright

\

Brigadier General James L. Kelly, Division Engineer
U.S. Army Corps of Engincers = North Atlantic Division - . ,
90 Church Shu.f ' ) '

MNew York, New York 10007 S
. . 4_11
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Declaware River Basin Comunission
Oy’rlinc of Plan of Study

Salinity Intrusion in the Delaware Estuary’

A. " Need for study

B. impact of salinity intrusion i

1. Surface water users _
a. Municipal vater supply users (by location)
1) Domaestic use
a) V\:loter quality criteria
2) - Industrial (supplied by public systems)
a) Water quality criteria
3) Commercial (supplied by public systems)
- @) Water quality criteria '
| .

2. Ground water users
a. Municipal water supply users
’ 1) _Dome;c,tic

2) Industrial

3) Commercial

3. «Health and mcdh;;cl c1spcct§ of increased sqiinity

|
4. Economic effects of increosed salinity

5.

of

b. Self—supplieH industries

1) Location of industries

2) Waterquality criteria (for each industry)
a) tP-rocess water (chlorides, TDS, etc.)-
b) (Cooling water :

i

b. Seltf-suppl‘i‘?cd industries

1) Location of indusiries (River mile)

September 15, 1975

2) Weter quality criteria (chlorides, TDS. étc.)

a)| Process water
b)| Cooling water
c¢)| Drinking water

Ecological cfft_.'c-:t;s




. L C, Review of earlicr studics ‘
- | . 1. Terrenzio (1953)
2. Woterways Experiment Sfation (1952, etc-.)v.
3. Pritchard, D. W. (1959)
4. VSheppard T. Powell and Legetfe and Brasheurs @ 954)
. 5. Keighton (1965, etc.) o ,
6. Paskon,R.W. (1969 1970)

7. Thotcher and Harlemcn'(l972)

‘8. United Engineers and Constructors (_i 974)
" 9. Strandberg (1975) ST
.. 10. Modigan-?rae.ger, tnc.(1975) - ' '_ Co T
. Co . 11. Newark Salinity Seminar (1575). - :
L. 12 Others'
' D. Water quahty data |, - ) . SO o . _~  o
1. Types of data avmluble by |occhon) L o . s -_M. .
a. Total dissolved solids -~ . .- < 7 T L. T
b.- Specific conductance LT T e e
¢. Major sea-water ions e T Lrrmwetemt Smm s e
1) Chlorides A
2) Sodium S - .
_ 3) Sulphates e .
4) Magnesium - .- .
- 5) Calcium

6) Potassium
d. Relotion between conductance ‘and major ions.
e. Other significant contaminants (e.g., silica)
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/ € Hydrologic dato

. Observed flows at varilous‘ locations

2. Nutu:rol runoff(USGS%siudies for DRBC.)

3. S'yﬁthcﬁc flows at Treéﬂoni(Modigan-'Prcxeger)

4. Synthetic flows for tri;bui'uries (?27) : .
F.  Land-based sources of disso|ve§d scits

1. belawore River at Trenton (flow and q.uality)

2. Tributaries (Locate by, river mile and characterize by hydrological and
~ water-quality data) ‘ _ o )
3. Point sources (locoﬂo‘n, volume ,and quality)
a. Municipal wastewater outfalls
b. Municipal stormwater outfalls
c. Industrial wastewater outfalls
4.. Non-point sources
a. Road salts
1) Pennsylvania (below Morrisville)
2) New Jersey (below Trenton)
3) Delaware
b. Other non-point sources

G. Relationship betweén fresh-water inflow and sea-water intrusion

1. Proposed studies’

a. Prototype study--analysis of relationship between observed flows and
salinity distribution : SR
1) Drought of 1960's
2) Other years
3) Typical [chloride profiles
. b. Deterministic model study (Thatcher model) .
1) Calibration and verification (Using data from drought period)
2) Dctermi[nciion of future salinity distribution

a) For typical droughts of past adjusted for flow regulation’
(releases from storage and depletive use)

b) Probability of excecding various salinity levels at given
locations throughout cstuary (derived by combining synthetic
fresh-water inflows for all tributarics with Thatcher

. deferministic model)

Bo14
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¢. Hydraulic mode! study (Waterways Experiment Station, Vicksburg, Miss.)
’ 1) Calibiation and verification (using data from drought of 1960s)
2) Determination of future salinity distribution
, a) For typical dry years of record, adjusted for existing and
: , . proposed flow regulation (storage, releases, diversions,
| , i and consumptive use) :

H.  Benefits from salinity control

1. Estimated monetary value of salinity reductions for various degrees of
‘flow regulation :

a. Municipal water supplies
1) Surface supplies
2) Ground-water supplies

b. Industrial water supplies
1) Surface supplies
2) Ground-water supplies

¢. Fisheries (including shelifish)

/-
1

;- Narrative summary

‘ ' - It is proposed to conduct or sponsor a comprehensive study of salinity intrusion in

1 the Delaware estuary to determine the fresh-water inflow needed to protect the various water
users along the estuary from Trenton to the oyster beds near the head of Deiaware Bay.

The year-round distribution of salinity in the estuary for various levels of depletive watér
use and streamflow regulation in the Delaware River Basin will be determined using synthetic

" hydrology coupled with o deterministic mathematical model. Synthetic fresh-water inflows
for the Delaware River at Trenton and for various other significant tributaries will be developed
for use in the analysis of the probability of exceeding various salinity {(ar chlorinity) con-

_ centrations at given locations at different seasons of the year. The synthetic fresh-water
flows will be adjusted os oppropriate to take into account the existing and projected levels of
flow regulation by impoundments and by depletive use (in-basin consumptive use and out-of-
basin diversions). . ‘ . ) BRI

_ At attempt will be made to show the effects of non-sea salts as well os sea salts on the
. total solinity and chlorinity in the upper estuary. This will be done by using model inputs
: of salts to represent the waste discharges of major industries and municipalities.
The study wwould include a survey of all existing municipal and industrial water users
along the estuary from Trenton to the Bay to determine their quality needs with respect to
‘ salinily (total dissolved solids), chlorinity, and other sea-woter ions. An attempt will be made

415 =
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~ Duraiion of study

5.

to o;sxgn costs to thuse water users as@ function of sea~water mtrusmn (or as a function of
the frcuuency and duration of salmsty concentrations).

Damages ottributable to Jecrcascd flows (caused by storage or dcplctwe use) will
be assciced. Benetits (reduction in domcgcs) that would be expected for various levels of
lov~{low aus: gmentation will also be eshmafcd To the extent possible, damages of salinity
intrusion and benefits of salinity control will be estimated as avemge onnual values.

The cffect of the enlcrgemenf lof the Chesapeake and Delaware Canal on salinity
distiilution in the Deluware estuary wn“ be evaluated,. both for (1) normal runoff conditions
in the Susquehanna-Chesapeake Bay d[ramcge area when salinity in the upper Chesapeake
Bay is luw; ond (2) for drought conditions in the Susquehanna-Chesapeake Bay drainage area
when sclinity in the upper Chesapeake Bay is relatively high. .

J

It is anticipated that the synt th:c flows for the Delaware River af Trenton developed

by Modigan-Praeger (1975) for the review of the Tocks Island Lake project will be available
- and useful for the proposed new study pf salinity intrusion. Synthetic flows for tributaries
seaward ¢f Trenton will have to be generated. lt is expected that-minor tributaries can be

grouped for various reaches of the estyary to simplify modeling the system without significant
loss of accuracy.

A comprehc asive bibliography on sclmtfy infrusion wxll be prepared. This bibliography
will inciude all known studies of salinity in the Delaware estuary, as well as more general
referencas. A preliminary bibliographyi is attached to this Plan of Study {appendix A).

Cost cf siudy -

The cost of the proposed study i is estimated to be $]8] 800. This estimate

is bosuc! on an assumption thdt the sfudy ‘will be ccmed out primariiy by the DRBC staff,
OSSISiCu as cppropricte by consulfants.\ :

It is wsiimated thet the study will \requ:re 14.5 mar-months of staff time. With
two siali riemibers assigned full time tothe study, it could be completed in about seven
montix. Parts of the overall study could be selected for priority treatment, and thus these
parts couts be completed in advance of the full study and réport. However, the assembling
of the Lxiic deta would be o neccssary prercqulsdc of the study. For example, the data
on flove, point sourees, end nonpoint sources are needed as input dato fo study the relaﬁonship

!
hetweoa ilew and solinily for all thiee proposed methods of cnalysw (prototype, mathematical
dctm.nl..'mc model, and hydiaulic modcl)

l

Erdea-sicif cosistance

e < o — |

- . 8 . . . .
1! ts anticipated that outside assistance {rom consultonis, ogencies, and water users will
B . AN . .
be neces o wssendbile the necessary data, supcrvise and review the study, and to carry out

et of fhe shidy. For cxample, data on waler-quality criteria for various waler users can be

! C 416 . . -
» -




“applicd best ond most reliably only by these water users.  Also, consultants will be useful,

if not essential, in sctting up and running the Thatcher deterministic model (if that model is
used). The assistance of the Caips of [ngincers will be necessory if the Vicksburg hydraulic
model is'used. Consultants will ulso be needed to review and interpret the results of the
various studies of the relationship between flow inputs and salinity. distribution, as well as

‘to set up and run computer programs for the generation of synthetic flows (for the tributaries

seaward of Trenton).

Advisory committees.~-It will probably be useful to establish one or
more advisory committees to guide, assist, and review the study. Such an advisory committee
could include representatives of water users (mumcxpol and industrial--including fisheries)

affected by salinity intrusion.
. L4
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\ Appendix B

Estimated t}osts of Salinity Intrusion Study

!

1 : _ _ Cost . .
| Time : DRBC Consvltant
Desciiption man=-months . staff* : -v .
. N_cccj for study : L .

(Introduction) - 0.25 $ 600 -

. | . . . 4
B Impacts " t.0 - . 2,600 - -~ .
Surface users | ' C

Ground water ‘

Health and medical

Economic

Ecological

N RN -

C | . Review of earlier studies - 1.0 ':_ s .'2,:600 ) —
| D - Water-quality data | :I.O R .o .'2',.600 IR

E - Hydrologic data | 1.0 . 2,600 -

. Observed flows. : :

" Natural runoff : : - . o : _

_ Synthetic flows, Trenton ST e Lo T
Synthetic flows, Tr}ibs. . - .

SGON =

-t

F Land-based sources ofi - P - " :
dissolved salts | 4.0 .. -~ - 7 .10,500 7 -

Delaware River at Trenton : S R A
Tributaries S TSETT T e e e e
Point sources | '
. Non-point sources

S

BN -

-G . Relationship between flow™ : o L e
and salinity _ 3.0 77,900 $35,000
1 Prototype studies ' : : .
§ 2 Deterministic model studies
t 3 ' Hydraulic model studies

H Benefits from salinity control (- -- C e
1 Municipal | '
- Industrial |
Fisheries

; Estimated cost assumes average iDRBC staff dircct-salary cost of $15.00 per hour, and doss
‘ not include ovethead, fringe banefits, cte. Fstimales are based on 22 working days per month.
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IR
- N - -s J
_ Time
Part Description man-months
Preparation of report 3.0

Draft report
Review of draft
Final report _
Reproduction of reporf 0.3
_Draft (50 copies)
Fina! (100 copies)

Cost

DRBC Consultant
toff* '

. $7,900 $ 2,000

800 -

Sub totals 14.55
DRBC overhead (15% of salaries)
Total staff salaries and consultants' fees

o Additional DRBC Costs

§38,100.  §37,000
5’ 700 . -
43,800 37,000

5-19.

tem Amoun
Meetings of Advisory Committee (s) 0
Travel, staff oL . 2,000
_Travel expenses, consultants - 3,000
Computer runs _ _30; 000
- ' ’ : Subtotal $:35,000
.- * Total DRBC cosis $115,800
UsGs o
Natural flow studics $ .5,0'00 .
‘Water guality dota (compufer'printoul‘s) . 1,000
L ' Subtotal ° $ 6,000
Corps of Engineers |
Vicksburg model and studies ' . 60,000 |
' . Subtolal $ 60,000
Grond total $181,600
. —e e



'DEP/i\RTMENT OF THE ARMY
PHILADELPHIA DISTRICT. CORPS OF ENGINEERS
CUSTOM Hbuse—zo & CHESTNUT STREETS
PHILAD;ELPHIA. PENNSYLVANIA 19106

!
|

IN REPLY REFER TO

N-R

3 0 DEC 1977 .

Dear Sir:

I am pleased to inform youg’ that we have initiated the Delaware Estuary
Salinity Intrusion Study. 'This Congressionally authorized study is to
analyze the movement of salinity concentrations in the estuary and iden-
tify the amount of fresh-water flow in the Delaware River needed to pro-
tect water users of the estuary. This study was authorized by the House
Committee on Public Works ‘a.nd Transportation on 23 September 1976. Ef-
forts in the following year will concentrate on establishing a systematic
program for conducting the study.

We expect that our study wFll include investigations of the following:
quality needs of water users; increased costs or inherent damages if
water of higher salinity must be used; relationship between stream regu-
lation in the upper basin 'and advance or retreat of salinity concentra-
tions in the esutary; quantity of upstream storage necessary for low-flow
augmentation; and the impact on estuarine fish and wildlife of changes

in salinity. The study will assess the problems and identify alternatives
to diminish the detrimental effects of varying salinity.

We welcome any contrlbutlon you can meke to this study. We would like
your views regarding the significance of the salinity problem, the possi-
ble environmental, social or econcmic impacts and any other areas you
feel are pertinent. We léok forward to your assistance.

Any questions or correspondence in regard to the study may be dlrected
to Mr. John F. Murphy, Chlef Planning Branch, by mail at the above
address, or by phone at (A.rea Code 215) 597- h837. As the study pro-
gresses, we will inform you of major developments.

incerely yours,

/" lieutenant Colonel, Corps of Engineers
Acting District Engineer
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DELAWARE ESTUARY SALINITY INTRUSION STUDY
Iist of Notified Parties

Federal Representatives
Delaware

Aanorable Joseph R. Biden, Jr.

United States Senate
Washington, D.C. 20510

Eonorable Thomas B. Evans, Jr.
House of PRepresentatives
Washington, D.C. 20515

New Jersey

Honorable Clifford P. Case
United States Senate
Washington, D.C. 208510

Honorable James J. Florio
House of Representatives
Washington, D.C. 20515

Honorable Frank Thompson, Jr.
House of Representatives
Washington, D.C. 20515

Pennsylvania

Honorable Richard S. Schweiker
United States Senate
Washington, D.C. 20510

Honorable Michael O. Myers
House of Representatives
Washington, D.C. 20515

Honorable Raymond F. Lederer
House of Representatives
Washington, D.C. 20515

Honorable Robers W. Edgar
House of Representatives
Washington, D.C. 20515

Federal Agencies

Director, Northeast Region

Regional Technical Service Center

So0ll Conservation Service

U.S. Department of Agriculture
1974 Sproul Road
Broomall, PA 19008

Washington, D.C. 20515

Honorable William V. Roth, Jr.
United States Senate

Washington, D.C. 20510

Honorable Harrison A. Williams, Jr.

United States Senate
Washington, D.C. 20510

Honorable William J. Hughes
House of Representatives
Washington, D.C. 20515

Honorable Edwin B. Forsythe
House of Representatives
Washington, D.C. 20515

Honorable Herry J. Hainz, ITI
United States Senate
Washington, D.C. 20510

Honorable Robert N. Nix
House of Representatives
Washington, D.C. 20515

Honorable Joshua Filberg
House of Representatives
Washington, D.C. 20515

Honorable Peter H. Kostmayer
House of Representatives

Water Resources Coordinator
Office of the Secretary, OPDC
Department of Commerce
Washington, D.C. 20230
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!
Regional Representatlve of

the Secretary of Commerce,\Reglon iT

Federal Building, Room 1311
26 Federal Plaza
New York, NY 10007

Dlrector
National Marine Fisheries Serv1ce
National Oceanic and Atmospheric
Administration

Washington, D.C. 20235

The Director

National Ocean Survey

National Oceanic & Atmospheric
Administration r

U.S. Department of Commerce

Rockville, MD 20852

\

|
Regional Director, Region 5
U.S. Fish & Wildlife Service
Department of the Interior |
One Gateway Center, Suite 700
Newton Corner, Mass 02158

District Chief, WRD, USGS
420 Federal Building

P. O. Box 1238

Trenton, NJ 08607

Regional Hydrologist

Geological Survey

National Center - Mail Stop 433
12291 Sunrise Valley Drive

Reston, Virginia 22092

The Administrator

U.S. Environmental Protection Agency
Waterside Mall ‘

4th & M Streets, S.W.

Washington, D.C. 20460

Regional Administrator
Region III, EPA

6th & Walnut Streets
Phila., PA 19106

.22

Regional Representative of

the Secretary of Cormerce, Region III
William J. Green Federal Building

600 Arch Street, Room 10424
Philadelphia, PA 1910€

Regional Director, Northeast Region
National Marine Fisheries Service
U.S. Department of Commerce
Federal Building, 14 Elm Street
Gloucester, Mass. 01930

Interagency Coordinator

Office of Coastal Zone Management
Department of Commerce, NOAA
3300 Whitehaven Street, N.W.

Page Building #2, Room 327
Washington, D.C.- 20235

District Chief, WRD
UGS
208 Carroll Bldg.,

8600 IaSalle Rd.
Towson, MD 21204 ' :

District Chief, WRD
USGS

P. O. Box 1107
Harrisburg, PA 17108

Commandant

U.S. Coast Guard

400 T7th Street, SW
Washington, D.C. 20590

Cammander
3rd District

NY, NY 10004

Regional Administrator
Reglon IT EPA

26 Federal Plaza, Room 1009
New York, NY 10007

Chairman

Council on Environmental Quality
722 Jackson Place, N.W.
Washington, D.C. 20006

Governors Island




Regional Agencies

Mr. Gerald M. Hansler, Executive Director
Delaware River Basin Cormission

P. 0. Box 7360

West Trenton, NI

Director WILMAPCO
Metropolitan Clearinghouse
2062 New Castle County
New Castle, DE 19720

State Agencies

Dr. Maurice K. Goddard, Secretary
Dept. of Envirormental Resources
P. 0. Box 1467

* Harrisburg, PA 17120

Mr. Rocco D. Ricei, Commissioner
Dept. of Envirormental Protection
P. O. Box 1889

Harrisburg, PA 17120

Clearinghouses

State Clearinghouse -~ Delaware
Delaware State Planning Office
530 E. DuPont Highway

Dover, DE 19901

State Clearinghouse - Pemnsylvania
Permsylvania State Plamning Board -
503 Finance Building '

State Capitol

Harrisburg, PA

County Agencies

Director

Bucks County Planning Commission
Administration Building, 6th Floor
Doylestown, PA 18901

Chairman

Burlington County Planning Board
Burlington County Office Building
19 Rancocas Road

Mount Holly, NJ 08060

Executive Director
DVRPC

3rd Floor Pern Towers
1819 J.F¥. Kennedy Blvd.
Phila., PA

Mr. Austin P. Olney, Secretary
Dept.. of Natural Resources & Inviron-
mental Control -

Edward Tatnall Buillding

Dover, DE 19901

Dr. Theodore L. Hullar, Commissioner
Dept. of Envirormental Conservatlon
50 Wolf Road -

Albany, NY 12233

State Clearinghouse - New Jersey
Division of State & Regional Planning
Department of Community Affairs

P. 0. Box 2768

Trenton, N.J.

Executive Director :
Delaware County Planning Commission
Fronefield Building

214 North Avenue

Media, PA 19063

Chairman

Camden County Plarmning Board
Court House Annex
Pernsauken, NJ 08110




Chairman Chairman

Gloucester County Plamming Board Salem County Planning Board
Courthouse Court House

Woodbury, NJ 08096 } Salem, NJ 08079:

Director Director of Planning

Kent County Plaming Comm1u51on New Castle County

16 the Green | Fngineering Bullding
Dover, DE 19901 ' P. 0. Box 165

Wilmington, DE 19899

Municipal Agencies

Chairman Executive Director
Camden Plarning Board ‘ Philadelphia Planning Commission
Municipal Building f City Hall Annex 13th Filoor

6th & Market Streets | Philadelphia, PA 19102
Camden, NJ 08101 |

Civic Associations

Gretchen Leahy Mr. Langdon Warner
Pollution Control Group, Lower Bucks Co. Envirommental Defense Fund
728 N. Permsylvania Ave. | 1525 18th St. NW
Morrisville, PA 19067 : Washington, D.C. 20036
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DELAWARE RIVER BASIN COMMISSION
p. 0.BOX 7360
WEST TRENTON, NEW JERSEY 0B628

(s0a) 8e3-8500

HEADQUARTERS LOCATION
25 STATE POLICE DRIVE

GERALD M. HANSLER . ' _
EXECUTIVE DIRECTOR anuqry 27, 1978 WEST TRENTON, N. J.

Dear Colonerbufc yshyn:
Re: Salinity Intrusion Studies

In accordance with our agreement on January 17,
1978, members of our staffs have met and discussed (1) the purpose and objective
of various elements of salinity intrusion studies; (2) the status of work completed
or under way by the DRBC; (3) the elements that should receive priority attention
with the available funds; and (4) a desirable timetable for completion of all elements.

The Commission's objectives in endorsing this series
. of salinity studies were > to establish, through the most modemn techniques available,
(1) the relationship between quantities and duration of freshwater flows and the
location and concentration of sea salts; and (2) the benefits which would accrue from
- . controlling salinity intrusion or, conversely, the cost entailed in allowing sea salts
. to overrun existing installations, potential industrial sites, and groundwater recharge
areas. With such facts in hand, the Commission will be able to evaluate the pros and
cons of altemnative water management programs, and adopt the best policy for meet-
- ing the overall needs of the Basin community.

The Commission has embarked upon and is nearing
completion of mathematical modelmg studies which will make it possible to readily
answer flow=salinity questions. Bosed upon the anticipated success of this effort, we

now believe that it will not be necessary to expend public funds for this phase of the
work at the WES in Vicksburg, Mississippi. However, there is still some uncertainty
concerning the effects of the recent enlargement of the Chesapeake and Delaware
Canal on salinity levels in the Delaware estuary, and our currently funded study may
‘not be able to resolve this question completely. This is a matter which moy need your
attention next fiscal year. :

We anticipate that the daily flows being generated by
the Corps for the Stde of Pennsylvania under "Section 22" will be useful, in conjunction
"with the mathematical model of salinity intrusion, in determining the recurrence interval
of various salinity levels at critical locations along the estuary.

In the summer of 1976, the Commission staff, in co-
| . operation with the WRA/DRB, initiated and completed a letter—questionnaire survey of
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the damage along the estuary Iresulfmg from historic intrusions of sea salts. While
this effort provided some msnght into the severity of the problem, it did not answer
the benefit-cost questions. ||view the economic evaluatidn of salinity intrusion and
control as fhe highest pnontyi work among those elements remaining to be done.

' 1 Our Level B Study is scheduled for completion by
April 30, 1979. The amount of freshwater inflow to the estuary will be one of the
fundamental planning consuderahons around which water management programs must
turn. Therefore, every effom must be made to direct available funds toward answering
this question. We will have developed answers to the flow-salinity questions, but we
desperately need defensible answers to the economic questions. The funds appropriated
to you appear to be the only ones now available that could be devoted in a crash effort
that would bring timely answers.

| have reviewed the file on our efforts which resulted
in funds being earmarked for your office to undertake a special salinity study. The
letter dated July 27, 1976 to\Congressman Robert E. Jones, Chairman of the Committee
on Public Works and Transportation, initiated by Congressman Frank Thompson, Jr., and
also signed by seven other Lower Basin Congressmen, states the importance and urgency
of the task at hand, and suggests "a pass through /Sf funds7. . .to the Delaware River Basin -
Commission for use in supplenj\enhng the State funds as needed to complete other phases
of the salinity intrusion study." These other phases include "...analysis of the impact
of various potential levels of salinity on municipal and industrial water users along the
estuary." The Congressmen noted that "assuming the timely availability of funds, ...
the salinity intrusion studies can be completed within fiscal year 1977.

- As the DRBC was instrumental in obtaining Congressional

] endorsemenf of the $50,000 appropriation for the salinity study, | am confident that
their use of H.D. 522, 87th, 22nd as the basic authorization did not foresee os broad-
scope an effort as your staff seems to be contemplating. Indeed, with the numerous other
studies currently under way by your office, other Federal and state offices and our own,

| believe we should concentrate on those voids that need to be filled. The economic
“appraisal of salinity advanceiand retreat is just such a void.

| strongly recommend that the major portion of the current
year's appropriation be dnrecl'ecl to this matter so that a product will be available for use
in the final report of the Level B Study.

Smcerely,

Gerald M. Hansler

Colonel Harry V. Dutchyshyn
Corps of Engineers
2nd and Chestnut Streets

Philadelphia, Pennsylvoma 19106 »
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Modeling $150,000
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. 4. Economic analysis -

Hydraulic model -

6. Reports -
Totals $158,000
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$10,000
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$50,000
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$23,000
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8,000

$39,000
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$ 50,000
40,000
20,000
90,000

28,000

$228,000 .




PLAN OF STiUDY-—FlSCAL YEARS 1978-1979
SALINITY INTRUSION IN THE DELAWARE ESTUARY

1. Mathematical modeling -~ ¢omplete June 30, 1978
| | - |
The development of a mathematical model of salinity in the Delaware estuary
is nearing completion. The model being used is a refined version of the Thatcher-
Harleman (1972) model originally developed at the Massachusetts institute of Technology
(MIT). P

The model will be used to generate salinity distribution throughout the estuay
(here considered to include the entire tidal Delaware River from Trenton to Liston Point,
as well as Delaware Bay from Liston Point to the Capes), for various scenarios of fresh=-
water discharge into the estuary. Initially, the model will be calibrated and verified
using the observed fresh-water flows for the severe droyght period from October 1, 1964,
through September 30, 1965 (water-year 1965). Then the flows will be adjusted o
simulate any combination of reservoir storage capacity added since 1965, or anticipated
to be added in the future. Flow adjustments will be made also to reflect decreasing
"excess releases” from New York City's upper-Basin reservoirs, in accordance with the
Montague formula specified in lfhe U. S. Supreme Court decree of 1954. The flows into
the estuary will be modified also to show the effect of increasing consumptive use of
water within the Delaware River Basin, and increasing diversions of water out of the basin.
Finally, to the extent that the |change in the flows through the Chesapeake and Delaware
Canal as a result of its recent enlargement can be determined, these altered flows will be
simulated in the model to show the effect, if any, on the distribution of salinity in the
Delaware estuary. | ' :

In addition to water-year 1965, water years 1970 and 1975 will also be simulated
to show the extent and duration of salinity intrusion in a medium-flow and ¢ high~flow
year, respectively. The results of the three base-period simulations should shed light
on the range of annual average salinity conditions in the Delaware estuary. Additional
simulations, reflecting the flow changes resulting from changes in storage capacity con-

" sumptive use, interbasin transﬂ:ers, and enlargement of the C & D Canal, will provide a
basis for an approximating economic analysis of the resulting changes in salinity.

2. Chesaopake and Delaware Canal - Start August 1, 1978 - Complete February 28, 1979
! ,

Although several studies of limited scope have been conducted to determine
the exchange of water between the Chesapeake Bay and the Delaware estuary through the
Chesapeake and Delaware '-(C}& D) Canal, there remain considerable uncertainties re-
garding the quantity and quality of water flowing through the canal.. These uncértainties
need to be resolved before the| effects of the canal and its recent enlargement on the
salinity in the Delaware estuary can bz determined with confidence. Such determination
is a prerequisite to the determination of the relationship between controlled flows in the
Delaware River at the mouth of the Schuylkill River and salinity distribution in the estuary.



-2-

. It is anticipated that some field work will be required to determine accurately
the characteristics of the flow through the C & D Canal. Such field work probably
will require measurements of salinity ot two or more locations along the length of the
canal, in addition to flow measurements and tide observations in the canal, dunng a
period of several weeks.

3. F;robability studies - Start October 1, 1978 - Complete February 28, 1979

In order to refine the economic evaluation of pr0|ected or proposed flow changes ’
it will be necessary to simulate a series of 12-month periods--enough such periods to
construct a frequency curve showing the probabilities of various levels of annua! average
salinity levels at specific locations along the estuary. These frequency curves will be
developed for sets of two scenarios. The first scenario of each set will show the probabilities
for a base-flow condition, such as natural flows. The second scenario will show the '
probabilities for a modified-flow condition, for example, to show the potential effect of
an increased diversion to northeastern New Jersey. The change in probability of salinity
intrusion must then be transformed info a change in cost of using water from the increased-
salinity reaches of the estuary..

4. Economic analyses - Start May 1, 1978 - Compléte December 31, 1978

‘Derivation of the costs of using the brackish waters of the estuary will require
the use of salinity-damage functions for typical water-users along the estuary. Such
damage functions are related to the cost of treating water of various salinity levels, or
to the cost of switching to altemative supplies when the salinity of the water in the estuary

_at a given intake reaches intolerable levels for any purpose. Information needed for
development of these costs include the levels of various salts that can be tolerated for
given water uses. For example, the Scott Paper Company plant at Chester, Pennsylvania,
can use the river water when the chloride concentration is as high as 75 mg/l, but for
higher concentrations, the plant must curtail normal production or switch to the more
costly. municipal water supply of the Chester Water Authority, which lmporfs water from
‘the Susquehanna River Basin.

Many industries do not have an alternative source of water to select when
salinity levels in the estuary reach intolerable levels. These industries, therefore, must
curtail operations or incur added expense for treating the high-salinity water taken from
the estuary. For example, some industries demineralize the river water for use as boiler-
feed water. The cost of demineralization is approximately directly proportional to the
concentration of dissolved solids in the raw water. Many of these same industries, os
well as others, use water from the tidal river for cooling purposes. Much of the cooling
“water is treated for control of fouling organisms or corrosion. The costs of these treatments
genenally increase with salinity of the intake cooling water.

4-29 : .



~ Salinity-cost functions must be developed not only for industries that are
self-supplied with estuary water, but also for industries, households, and other water
users that obtain their water from municipal water systems that use the estuary as a
source of raw water. This cxpp}lies not only to those municipal systems that currently
(in 1978) use estuary water, but also those that can be expected to use this water in
the future. For example, the!Cify of Chester expects=-within the foreseeable future—-
to meet its growing demands for water by taking water from the Delaware River to
supplement its diversion from the Susquehanna River Basin. The cost of this dual-source .
water system,when implemented, will be proportional to the frequency and duration
of intolerable levels of salinity in the Delaware estuary.

The economic analysis of water supplies as related to salinity necessarily must

consider not only those systems that take water directly from the estuary via a pipe in

the tida! waterway, but also those systems that toke the river water indirectly via aquifers’

and wells that are recharged in part by the tidal river. Therefore, it will be necessary
to identify all such ground-water users along both sides of the estuary from Trenton to
Delaware Bay, and to develop collective or individual salinity-cost functions for these
water users. '

~ The salinity cost or damages functions will be used in conjunction with the
probability analyses of various salinity levels to develop average annual costs of using
or awiding the salt-laden wafers of the Delaware estuary. These average annual costs
can, in tumn, be used by decision makers to judge the economic {ustification of such
measures as stream impoundments and flow regulation for salinity control, transbasin
diversions, and increased consumptive use. ' -

5. Hydraulic modeling - Start November 1, 1978 - Complete Februc;ry. 28, 1979

The Waterways Expel"iment Station (WES) of the Corps of Engineers at Vicksburg,
Mississippi has constructed a hydraulic model of the Delaware estuary, and has used this
model to study various aspects of the salinity=intrusion problem in the estuary. The
hydraulic model is to be used ito check key results of the mathematical modeling.

6. Reporis - Start March 1, 11978 - Complete September 30, 1979

!

CHJH--DRBC--Janvary 31, 1978

&l
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DELAWARE RIVER BASIN COMMISSION
| P. 0. BOX 7380
WESTITRENTON, NEW JERSEY OBEG28 .

(s08) BB3-9500

HEADQUARTERS LOCATION

' 5 ST POLICE DRIVE
GERALD M. HANSLER ; 2 ATE
EXECUTIVE DIRECTOR : August 27 s 1980 WEST TRENTON, N. J.

Dear Colonel Ton:

‘ This is in response to your letter of
August 12, 1980, in which you requested confirmation of the under-
standing of the goalsiand roles of the Corps of Engineers and the

Delaware River Basin Commission in the Delaware River Salinity Intrusion
Study.

The Delaware River Salinity Intrusion Study
has been an outstanding example of interagency cooperation from the
very beginning. The forthcoming policy decisions of the Delaware River
Basin Commission on salinity flow objectives will be based upon (1) tech-
nical analysis aided by use of the Thatcher-Harleman Transient Salinity
Intrusion model, (2) &our first-cut economic impact studies, and (3) envi-
ronmental assessments’of alternative water management options conducted
on an element of the Water Resources Council sponsored Level B Study.
These policy decision@ will be amended into the Commission's Comprehensive
Plan, and will also He reflected in agreements among the parties to the
1954 Supreme Court D%cree in New Jersey vs. New York (347 U.S. 995 (1954).

The Commission has been informed that your
analysis of the C&D Qanal has not been completed and that some uncertainty
regarding the quantity of fresh water required to control salinity will
remain until your effort is concluded in FY 1982. However, overriding
considerations dictate commitments during this calendar year. The range
of conclusions which{may result from your study has been weighed, and we
believe that construction schedules for upstream storage projects to repel

salinity can be altered, if necessary, when the C&D technical findings are
in hand. ‘

1 appreciate the timely assistance you have
provided during the course of this cooperative venture, and assure you
of our continued support in the future.

ks

Gerald M. Hansler

Sincerely,

Colonel James G. TonL District Engineer
U. S. Corps of Engineers

Custom House

Second and Chestnut Streets
Philadelphia, Pennsylvania 19106
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‘October 20, 19s

.
' Mr. Gerald M. Hansle# ..
Executive Director " : o
Delaware River Ba31n Commission
P.O. Box 7360 .. .
West Trenton, NI 08628
Dear Mr. Hansler. .
WE are pleased to recelve the final report of the Delaware Rlver Basin
Level B Study.. The eport reflects the excellent work done by the
Commission -and 1:s'staff &uring this'studj of the basin's warer rescurce
planning needs. ‘A “you know, ‘the Council has on several occasions
singled out the results: of. thls effort as examples of what can be
accompli shed through a well managed Ievel B study.
The plan presented 1n_the final repcrt is more than adequanc in meeting
our guidelines for: Level B stud_ea and fu]lj satisfies the gondltlon* in
our Memorandum of Agreement. :
- Since the Council s“future s’ bulll uncertatn we. ru"rer fhd! we dio not
- auticipate being dble L6 presena the- report to the Council of Members
in the near future. I would, howeVLr, Pncourdgc you te make the final
report widely available to the apﬁroprlare federal reprosentatives.
. Sincerely,
fs
l,‘
%M £ ,(’ o
Geyaid b, Selnw;!.]
Actlag Uirector
Enclosure
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'UNITED STATES
DEPARTMENT OF THE INTERIOR

F'ISHI AND WILDLIFE SERVICE
Suite 322
%15 South Allen Street
State College, PA 16801

February 16, 1982

Lt. Colonel Roger L. Baldwin

District Engineer, Philadelphia District
U.S. Army Corps of Engineers:

Custom House, 2nd & Chestnut Sts.
Philadelphia, PA 19106

. Dear Colonel Baldwin:

This responds to Mr. Sheridan's letter dated December 31, 1981, requesting
Fish and Wildlife Service (Sérvice) review and comment on the draft Technical
Appendix on Fish and Wildlife and Insert into Main Report prepared by the
Philadelphia District, Corps/ of Engineers, for the Delaware Estuary Salinity
Intrusion Study. The follow1ng comments were prepared in accordance with
provisions of the Fish and Wlldllfe Coordination Act (48 Stat. 401, as
amended; 16 U.S.C. 661 et seq )}, but do not constitute the report of the
Secretary of the Interior W1Fhin the meaning of Section 2(b) of the Act.

The Service concurs with moﬁt of the appendix and insert to the main report.
Much of the wording is taken directly from our final planning aid report,
dated July 1981, which summarized the Service's contributions to the study.
Areas of disagreement are primarily technical in nature and were communicated
by telephone to members of your planning and environmental staff. Unfortun-
ately, the value of this study is minimized because the appendix and insert
stop 'short of recommending ways to protect the Delaware estuarine ecosystem
against natural or man-induced changes in the salinity regime. We repeat the

most important conclusion and only recommendation contained in our final
planning aid report:

1. Increasing salinity witﬂin the Delaware estuary during spring would

decrease estuarine productivity, the magnitude of decline dependent on
the degree of change.

2. Interruption and temporary storage of freshwater outflow should be avoided
or minimized during sprlng (April 1 to July 1) to protect and maintain
the health of the Delaware estuarine ecosystem.

Our conclusion and recommendation are not new. During planning discussions
for the proposed Tocks Island Dam, we expressed concern about the effect of
an altered salinity regime on the American oyster. Eventually, this problem

w
i

34




was solved when the Corps agreed to modify the project rule curve and operatiomns
to preclude storage beginning April 1. Although the Tocks Island project

would have been a major threat to the natural salinity regime, the combination
of several smaller reservoirs could have the same undesirable effect.

The Service is pleased to have participated in this study. We ask that the
Corps consider and respond to these comments.

Sincerely,
. s
<7 r\% e %
S
. Charles J..Kulp -

Field Supervisor



HAPENi-E

vr. Charles J. Kulp
Field Supervisor

U. 5. Fish & ilildlife Service
315 S. Allen Street, Sutte; 322
State Colleje, PA 10801

Dear Mr. Kulp:

Thank you for your Fish anﬁ Mildlife Coordination Act letter of 16 February
1982 which contains the Service's ccaients on the Delaware River Estuary
Salinity Intrusion Study. ' W2 have considered ycur comments and believe it

fuportant to clarify certain matters essential to this study.

The purposes of the Corps' Salinity Study did not include "recommending vays
to protect tie .1lavare e;tuarine ecosystem against natural or aan-iscuced
chanjes in the salinity veglae”, or making any specific recomcndations.
Rather the Corps' objective was to identify the effects resulting from salin-
ity variation and where possible, the resulting costs. ilanagement of the
vater resources in the Delaware River Basin is the direct responsibility of
‘the Delaware River Lasin Couaaission (DREC) and the Commission was sponsor
for this study as well as'primary‘recipient of its results, DRSC would then
utilize this study of which the ecosystem analysis is a part in managasment
of the overall basin needs. Since this Corps® study was in effect a portion
of a larger underiaking, ve avoided a needless duplication of effort by adop-
ting the Tindings and results of the Level B study prepared by DR3C. The
Level b strean flows and #elated impouricaent scenarios represent the best
available data and iwanacenent rationale for the Delaware River. The Corps
recoqnizes the resulis ofl Level b were obtained after a lony thorouch formal
process of planning, coor(inatian and environaantal impact revicew by ail
interested parties.




dAPL=L N
Hf. Cuarles J. Kulp

In consideration of this backyround to Level C and its further developacnt
by tiie Salinfty Study. we disairee with the Service's comaent that the value
of the Salinity Study {s mininmized, due to a lack of Corps' recaxuuendations.
URDBC's Level D Report utilized information yathered by the Salinity Study

in developing their preferred plan and concurred that “the adverse effects

of storz;e of portions of available storage cculd be witizated or eliuinated
by refraining frou storing water in April and Hay". (Level B, page 34). This
office will also include the Service in providing input for developing reser-
voir cperating criteria for now projects. ‘

He satisfied the stated objectives of the Salinity Study in develeping 2 state
of thc art conputer tool anrd, with your input and advice, resource iupact in-
formation for use by the DRoC in futura flow managenent decisions. The Corps
is conficant that the Comaission will continue to include all factors, espec-
fally fisi and wildlife resources, in reachiny these decisicns. Your own
connent on tha positive effect of Fish 4 Ui 1ife concerns in uwodifying the
Tocks Island Lake regulation curve demonstrates the past basis or working to-
ward mutually accpptable water management decisions.

Sincerely,

HICHOLAS J. DARBIERI
Acting Chief, Planning/Enginzering Division

4-37



"UNITED STATES
DEPARTMENT OF THE INTERIOR
FISH AND WILDLIFE SERVICE
Suite 322
315 South Allen Street
State College, PA 16801

|

i
'

March 15, 1982

Mr. Nicholas J. Barbieri ‘

Acting Chief, Planning, Engineering Div.
U.S. Army Corps of Engineers
Philadelphia District

Custom House, 2nd & Chestnut Streets
Philadelphia, PA 19106

Dear Mr. Barbieri:

Thank you for your letter of}March 3, 1982, addressing our February 16, 1982,

comments on the draft Technipal Appendix on Fish and Wildlife and Imsert into
Main Report prepared by the ?hiladelphia District for the Delaware Estuary
Salinity Intrusion Study. While we appreciate your effort to 'clarify
certain matters essential to| the study", we do not believe the Service has
labored under a misconception of study objectives, their degree of achievement
or the intended study use. Quite the opposite, we believe the Corps has
departed from the original skudy objectives. ‘

In our planning aid report tb the Corps, dated July 1981, the Service quoted
from Lieutenant Colonel Calllahan's letter of December 30, 1977, to the Service
which initiated the study. Two excerpts from the letter appear below:

This Congressionally authorized study is to analyze the movement of
salinity in the estuary and identify the amount of fresh-water flow in
the Delaware River needed to protect water users of the estuary.

The study will assess the problems and identify alternatives to diminish

the detrimental effects of varying salinity.
These statements indicate tﬁat the Corps' study objectives were two-fold: to
analyze the movement of salﬂnity and to identify alternatives for reducing
the detrimental effects of Yarying salinity on estuary users. Unfortunately,
the second objective was not carried out, an apparent deference to water
resource management responsibilities of the Delaware River Basin Commission.
We do not doubt or dispute ﬁhe overall river management role enjoyed by the
Commission, however, it puzzles us to see this responsibility suddenly emphasized
when it existed at the star# of the study and, in fact, existed when the
Corps agreed to modify the flow regulation curve for the proposed Tocks
Island Dam. It also puzzle§ us that the Commission, which is the primary




recipient of the study, completed the Level B study before the salinity study
was finished. We still believe it is appropriate for the Corps to assess its
findings and recommend to the Commission methods of protecting the estuary
and its users. We are particularly interested in a recommendation about
manipulation of spring flows. As noted in your letter, the Commission is
already aware that adverse effects of storage on estuarine biota could be
mitigated or eliminated by refraining from storing water in April and May.
This awareness is reinforced by the results of the salinity study, and in our
opinion, these results justify establishment of no storage during spring as
standard operating procedure. This does not mean special circumstances
cannot be considered, such as long term drought, chemical spills, etc.
Extraordinary events could justify some variance to the procedure. The
important thing is to establish a protective procedure first and then
consider variations to it.

We regret that you disagree with our assessment of the value of the saiinity
study. However, unless the Corps interprets its findings and provides at
least conceptual guidance, our assessment will not change.

Slncerely,

Charles 1p
Field Superv1sor
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'DELAWARE RIVER BASIN COMMISSION
J P.0.BOX 7360
WEST TRENTON, NEW JERSEY 0B628 .

i (spe) 8B3-3500

HEADGUARTERS LOCATION

April 2, 1982 25 STATE POLICE DRIVE
X WEST TRENTON,N. J.

GERALD M.HANSLER
EXECUTIVE DIRECTOR

Dear Colonel Baldwin:
f This is to supplement my letter dated
August 27, 1980, regarding the Delaware Estuary Salinity Intrusion Study.

As you are aware, we have recently (May 1981)
developed a "Level B" water resources plan for the Delaware River Basin.
As part of that plan, a series of flow objectives, defined in terms of
fresh water inflows needed to protect water users of the estuary, was
determined. The specific. goal, under the preferred plan, for the Delaware
River flow objective was| recommended to be 3,072 cfs at Trenton, New Jersey,
during the low-flow season of a drought year. This represents the estimated
level of flow regulation required to control invasion of sea salts so that
the maximum 30-day average chloride concentration at River Mile 98 (5.5.
miles upstream of the Schuylklll River) would not exceed 121 mg/l in the
. year 2000. Under another "mixed objective plan," the Trenton flow objective
would be 2,605 cfs, which would control invasion of sea salts so that the .
maximum average chlorldeIconcentratlon at River Mile 98 would not exceed
180 mg/l in year 2000. It is anticipated that both of these salinity control
flows and quality object&ves will be subjected to public hearing later this
year. Subsequent to that hearing, the Commission will select that level of
flow and salinity control that will be included in the Comprehensive Plan,
and be the driving force of the Basinwide water management plan, pursuant
to the Compact.
j Several early products of the Delaware Estuary
Salinity Imntrusion Studx provided valuable input to our work. These products
included both the Executive Summary, which contained preliminary estimates
of potential sallnlty-rélated damages and preliminary simulations with the
MIT-TSIM sallnlty—lntruélon model. We are also aware of concerns raised
by the U. S. Fish and Wildlife Service regarding protection of the estuarine
ecology. These concerns were considered during the development of the
Level B water resources. plan discussed above. We will continue to consider
these concerns in the further planning, development, and operation of specific
projects.




The information developed as part of your study
since the flow objective was determined has also been considered to see if
changes are appropriate. In particular, we note that although the values in
the Executive Summary have been revised to reflect more accurate data developed
during the course of the study, these changes merely support our previous
decisions. Also, the added detail that was not (until now) available due to
the completion of Branched MIT-TSIM Model has and will continue to provide
invaluable supporting data.

: In summary, the Delaware Estuary Salinity Intrusion
Study has been an outstanding example of coordination between our respective
agencies, and I trust that similar cooperation will carry into future efforts.

‘Sincerely,

v et

erald M. Hansler

Lt. Colonel Roger L. Baldwin, District Engineer
U. S. Army Corps of Engineers

Second and Chestnut Streets

Philadelphia, Pennsylvania 19106



05 AUG 1982

Mr. Charles J. Kulp ‘
Field Seperviscr ‘

315 South Allem Street, suto 122
Stats College, PA 16801

Dear Mx. RKulpe

Under separate cover you m previously furnished a draft copy of the
Delaware Estuary Salinity Intrusion Study for your reviev. Aas further
Mhmcﬁmm)mﬂulylmmbrulm in oxder to
complete oxt; study, we request a letter from the Sexvice indicating
mwMMTsmmmmz. :

I request that your letter bes returned to us not later than 16 Mgust

1982. If you have questions on the document, please gontact
Dr. John Byxnes at FT8: 597-4833 or 3931,

SM'

NICHOLAS J. nmzm. P.E.
o __Chief, thin/mimhg om.qn




UNITED STATES
DEPARTMENT OF THE INTERIOR
FISH AND WILDLIFE SERVICE

Suite 322
315 South Allen Street
State College, PA 16801

August 19, 1982

Lt. Colonel Roger L. Baldwin

District Engineer, Philadelphia District
U.S. Army Corps of Engineers

Custom House, 2nd and Chestnut Streets
Philadelphia, PA 19106

Dear Colonel Baldwin:

This responds to Mr. Nicholas J. Barbieri's letter, dated August 5, 1982,
requesting the Fish and Wildlife Service's comments on the Delaware Estuary
Salinity Intrusion Study (DRAFT), dated April 1982.

These comments provide technical assistance only and do not represent the
review comments of the Department of the Interior on any forthcomlng environmental
statement.

The Service played an active role in the Delaware Estuary Salinity Intrusion
Study; contributing eight planning aid reports that addressed the sensitivity

of the estuarine ecosystem to altering the natural cycle of salinity change.

The Service also reviewed an earlier draft of excerpts from the draft, submitting
comments in letters dated Febuary 16, 1982, and March 15, 1982. These comments
were. followed by various communications between our offices, during which we
were informed of a major change in the original intent of the study. We refer
to Goal "B" or the "quantity flow" goal which was dropped in 1978 in deference
to certain concurrent work activities undertaken by the Delaware River Basin
Commission (DRBC). This refinement in study objectives greatly reduced the
scope of the study and, in our opinion, minimizes the study's value. As far

as we are concerned, the value of this study in assessing the impact of salinity
intrusion on fish and wildlife has been lost if the Corps is unwilling to
recommend measures which would minimize adverse impacts identified in the
assessment.

There are certain deficiencies in the text which should be corrected in the
final report. These and other comments follow the format of the document.

Page 18
The Table indicating "Perlods of Drought" should be amended to indicate an

official end to the 1980 drought in April 1982.

Page 19 )
According to the DRBC, the 250 mg/l chloride line advanced to RM 97.5 on
February 2, 1981. 4-13
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Page 23 i )
To illustrate the importance of the first statement under "Fish and Wildlife,"
we suggest adding the follo#ing:
For example, "after the New York City diversions commenced in
1953, the (oyster) driﬂl line moved from just below Ben Davis
Point almost to Ship thn bed. Approximately 1,000 acres of
Delaware State (oyster) seed beds and about 1,000 acres of the
Shell Rock and Ben Davis beds in New Jersey were depleted by
the loss of Delaware River flow." (From: URS/Madigan-Praeger,
Inc. 1975. A Comprehénsive Study of the Tocks Island Lake
Project and Alternativ?s.)

Page 31 ‘

The second paragraph mentioys that flow changes at Trenton influence lower
estuary salinity after only a few days and that the "effects' may persist

for many months. The term !"effects" is unclear and should be explained.

Page 38

The Service strongly concurs with the statement that timing of flow into
estuarine waters is importaht in its effect on productivity, stability and
general health of the estua#ine ecosystem. This importance was emphasized by
the Corps and the Delaware River Basin Commission when both agencies agreed to
modify the flow regulation curve of the proposed Tocks Island Reservoir,
precluding storage after April 1.

Page 50 '

The last sentence in paragraph 1, ending "...overall availability over an
extended period” makes no sense. Should "productivity' be substituted for
“"availability™?

Page 63 i

According to the DRBC, modqfication of Francis Walter and Prompton Reservoirs

and construction of the Merrill Creek Reservoir will meam 20 percent of the basin's

land runoff area will be controlled, more .than double the current amount. We
are not aware of any lowerfestuary spring flow requirements for the existing
reservoirs or for the proposed reservoirs. Furthermore, there appear to be

no limits on the timing of\storage. With the amount of drainage to be placed
under control at 20 percent and the absence of storage constraints, it is only

a matter of time before thé need arises to store significant amounts of spring
flows, depleting supplies to the estuary. The resulting change in estuarine
aquatic productivity may or may not be noticeable depending on how much fresh
water is withheld and when, Certainly the possibility for a noticeable change
increases as water supply demands increase and as new reservoirs are constructed
to satisfy that demand. In our opinion, it is naive not to expect estuarine
fauna to suffer from the iﬁcreasing manipulation of their freshwater supply.

Page 65 ‘
We do not agree that the Level B cited plans reasomably considered the effects
of salinity on the ecological system in determining the overall needs of the
estuary. Examination of the Level B report and EIS shows that estuarine
ecologic needs were considered in part and dismissed. Most consideration was
given to the oyster seed beds which were shown to be adversely affected by

!

! 4-44



reduction in spring flow. We are not aware of DRBC consideration of other
estuarine fauna or of effofts to protect these resources from manipulation
of freshwater flow.

.Page 66 ..

See comment under Page 18.

Page 3-7 :
The word ''neurosis' should be 'mecrosis."

Page 3-15
The number '"28" should be "228."

As these comments demonstrate, the Service continues to believe in the need to
modify reservoir operations (i.e. no storage after April 1) in order to maintain
estuarine productivity. If the Corps is unwilling to support this concept, we
request the final report state the Service's views on this matter.

Sincerely,

T deoand B/vwa,

i Charles J. Kulp
ﬁj1Q/ Field Supervisor

- 4-45



DEPARTMENT OF THE ARMY

PHlLADELPILlIA DISTRICT, CORPS OF ENGINEERS

CUSTOM i-llOUSE—Z D & CHESTNUT STREETS

PHILADELPHIA, PENNSYLVANIA 19106 .
INFORMATION BULLETIN i4 OCT 1982
DELAWARE ESTUARY SALINITY INTRUSION STUDY

The Philadelphia Distrﬁct Corps of Engineers has completed a
study on the Salinity gntrusion of the Delaware River Estuary.
This study is in response to a resolution of the House of
Representatives' Committee on Publie Works, adopted

23 September 1976. |
In responding to the dongressional Resolution directing the
Delaware Estuary Salirity Intrusion Study, the specifiec
goals of the study were to determine the probability for
advance or retreat of |salinity in the Delaware Estuary, and
the quantity of fresh‘water inflow needed to protect the
various water users along the estuary.

The Corps of Engineer§ concentrated on addressing the first

of these goals. Salinity-cost relationships were developed

for all direct water users of the Delaware Estuary. The
previously developed ﬁathematical model (the Transient Salinity
Intrusion Model of the Delaware Estuary) by the Delaware

River Basin Commission was modified as part of this study

to reflect the interaction of the Delaware Estuary and the
Chesapeake and Delawal%'e Canal. By comparing the results of .
these two computer models, the influence of the Canal on
chloride concentrations was found to extend from Chester,
Pennsylvania to Ship John Shoal, a distance of 45 miles.

The modified model wa$ used to simulate long term salinity
concentrations incorporating the post-enlargement condition

of the Chesapeake and| Delaware Canal. Flow in the Canal has
varied both in volumeiand direction. However, the long-term
(50-year) average was calculated to be 6,560 cubic feet per
second ‘eastward. Long term salinity concentrations were .
also determined as part of the study which provided continuous
data needed to determine the probabilities of salinity levels
in the estuary. ‘

In addition, the datal from the long term model runs served

as input to an economic model. That model was also developed
as part of this study| and was used to determine average

annual costs to estuakine withdrawal water users. These

costs are indicators of the expenses incurred by the water
users such as replacing corroded parts and equipment, utilizing
alternative water sources and treatment of the saline water.
The results of this portion of the study indicated that the
average annual salinity related costs to municipal and direct
industrial users are‘19.8 million dollars per year.




A range of possible impacts of salinity variation on fish and
wildlife resources was also addressed. Impacts were found to
be both positive and negative depending on relative species'’
preferences and sometimes life cycles within individual species.

The second goal was addressed by the Delaware River Basin
Commission which has the responsibility for the control and
development of the water resources of the Delaware River

Basin. The Commission consolidated the results of this

salinity study and other efforts, and determined a range of

flow objectives for the protection of water users along the )
Delaware Estuary as part of their Delaware River Basin Comprehensive
(Level B) Study. That study has been accepted by the Water
Resources Council. The flow objectives as determined by the
Commission were incorporated into this study. Close coordination
was maintained with the Commission during the two studies.

"It is anticipated that future adjustments of the flow objectives

will be made by the Delaware River Basin Commission through
its long-term basin planning program. Under this program,

interstate water management recommendations will be made to
reflect continuous planning efforts regarding any changing

conditions throughout the Basin.

You will be notified when the report is available documenting
the above studies. 1In the interim, further information
regarding the study may be obtained from the Office of the

-District Engineer, U.S. Army Corps of Engineers, Philadelphia

District, Custom House, 2nd and Chestnut Streets, Philadelphia,
Pennsylvania 19106. Should you have any gquestions, please
contact Mr. John Murphy, Chief, Planning Branch, at (Area

Code 215) 597-4839. _
\Wy%w |
%/\/NICHOLAS J. BARBIERI, P.E.

Chief, Planning/Engineering Division
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DELAWARE RIVER BASIN COMMISSION
- ‘ P.0.BOX 7360 ‘
WEST TRENTON, NEW JERSEY 0B628 .

(so9) 883-9500

‘ HEADOQUARTERS LOCATION
GERALD M.HANSLER ! 25 STATE FOLICE DRIVE
EXECUTIVE DIRECTOR - ‘ November 12, 1982 WEST TRENTON, N. J.

Dear Colonel Baldwin: i
|

: This supplements my earlier letters of
August 27, 1980, and April 2, 1982, regarding the Delaware Estuary
Salinity Intrusion Study ?eing conducted by your office.

! We have reviewed a recently revised draft
of the final report of the Salinity Intrusion Study. We find that the
Corps' Study, together with the Commission's own studies of salinity in-
trusion in the Delaware estuary, has met the information needs that
prompted the Commission's petition to Congress to authorize the study.
Due to effective coordination efforts by your staff, the DRBC staff has

been kept informed of the\Corps findings throughout the Corps' Salinity
Intrusion Study.

| The Delaware Estuary Salinity Study has provided
much useful information on the ecologic and economic impacts of salinity .
in the Delaware estuary. ‘This information proved to be of value in
formulating alternative plans, as presented in the Commission's Level B
Report, for con51derat10n\by the Basin community.- The Corps' modification
of the DRBC's mathematical salinity model of the Delaware estuary to in-
clude the Chesapeake and Delaware Canal as a tidal branch and the results
- obtained with the branche? model were more helpful in assessing the effects
of the canal on Delaware estuary salinities. The economic model developed
and used by the Corps pro?ided evaluations of the salinity-related costs
incurred by water users along the estuary. We anticipate that these models
and the data presented in|the study report will continue to be useful in
the continuing planning programs of this Commission.
I congratulate you and your staff on bringing
this difficult and complex technical study to a successful conclusion. This
Commission has the remaining task of establishing salinity-control objectives
for the Delaware estuary. Since my April 1982 letter, we have continued
efforts to resolve the question of salinity standards and minimum flows needed
in the Delaware River for salinity control.




: We very much appreciate the opportunity to
review the draft report of the Delaware Estuary Salinity Intrusion Study,
and we look forward to receiving a copy of the published document.

Sincerely,
éz Hansler

Lt. Colonel Roger L. Baldwin, District Engineer
U. S. Army Corps of Engineers

Second and Chestnut Streets

Philadelphia, Pennsylvania 19106



